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(57) In the beginning of a reproducing operation of 
information data from a first layer of a disk in an optical 
disk recording and/or reproducing apparatus, an opti- 
mizing operation of a servo control for an optical pick-up 
through which the information data are reproduced from 
the first layer is initially performed. Thereafter, the infor- 
mation data read from the first layer are temporarily 
stored in a DRAM at a first data rate, and the informa- 
tion data are read out from the DRAM to an external 
apparatus at a second data rate lower than the first data 
rate. Therefore, a volume of the information data in the 
DRAM increases in the reproducing operation. When 
the volume of the information data reaches an upper 
limit of the DRAM, the optical pick-up is set to a standby 
condition to stop the reading of the information data 
from the first layer, and optimizing operations for 
another or other layers of the disk are performed. Dur- 
ing the reproducing operation, when a physical condi- 
tion of the apparatus or the disk changes in the degree 
of requiring the optimization of the servo control, the 
optimizing operations are performed on condition that 
the optical pick-up is set to the standby condition. 
Accordingly, the optimizing operations can be per- 
formed without interrupting the reproducing operation. 
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Description 

The present invention relates generally to an optical disk recording and/or reproducing apparatus in which a signal 
is recorded or reproduced in/from a disk type of recording medium, and more particularly to an optical disk recording 
5 and/or reproducing apparatus in which a servo control mechanism of a recording/reproducing head is appropriately 
controlled to automatically adjust offset, balance and gain of a tracking error signal and a focus error signal while 
recording or reproducing a signal in/from a mini-disk (MD) or a phase changing (PC) type of disk on every predeter- 
mined block unit time. 

In general, a tracking control and a focus control for an optica] head is performed in an information recording and 

10 reproducing apparatus such as ah optical disk recording and reproducing apparatus or an optical disk reproducing 
apparatus to accurately write or read data in a recording or reproducing operation. In these control operations, the opti- 
cal head is controlled by a so-called servo control circuit. In detail, when an optical beam spot is formed on a type of 
disk by a laser in a recording operation, an output power (hereinafter, called a laser power) of the laser is adjusted to 
one of a plurality of intensities indicated by a watt degree because the laser power depends on the type of desk. Also. 

is the laser power is changeably set to one of the intensities in a reproducing operation to read data from any of several 
types of disks such as a premastered disk and a magneto optical disk, a gain of a tracking error signal and a gain of a 
focus error signal are respectively changed over to appropriately get a reproduced light, and an offset of each of the 
error signals is adjusted each time the gain is changed over. In addition, it is required to precisely adjust the offsets of 
the error signals and balance of the error signals while considering the compatibility with an external apparatus. 

20 Also, even though the offsets, the balance and the gains of the tracking and focus error signals are accurately set. 
in cases where physical change of working circumstances such as temperature, humidity, voltage of an electric source 
or the like occurs after the accurate setting, the offsets, the balance and the gains of the tracking and focus error signals 
change with the physical change of the working circumstances, and it is required to readjust the error signals. In other 
words, in cases where the offsets, the balance and the gains of the tracking and focus error signals are not readjusted 

25 after the physical change of the working circumstances, one or both of the tracking control and the focus control cannot 
be performed, and the recording or reproducing operation cannot be accurately performed. In a worst case, the record- 
ing or reproducing operation cannot be performed at all. 

In addition to the physical change of the working circumstances, in cases where a shape of a disk is not uniformly 
formed, the disk is eccentrically rotated or the disk is rotated while shaking its plane, and the recording or reproducing 

30 operation cannot be accurately performed in the same manner. 

However, to readjust the offsets, the balance and the gains of the tracking and focus error signals in case of the 
physical change of the working circumstances for an optical disk recording and reproducing apparatus and an optical 
disk reproducing apparatus or the non-uniformity of the disk, it is required to manually stop the operation of the optical 
disk recording and reproducing apparatus or the optical disk reproducing apparatus, and it is required to manually 

35 release the apparatus from the recording or reproducing operation. Therefore, in cases where the working circum- 
stance for the apparatus abruptly changes, data recording or reproduction is erroneously performed in a conventional 
optical disk recording and reproducing apparatus and a conventional optical disk reproducing apparatus. For example, 
a disk placed in a first working circumstance such as an outside air temperature of -30 °C is carried in a second working 
circumstance such as a room temperature of +20 °C, and the disk is set in the conventional apparatus, the offsets, the 

40 balance and the gains of the tracking and focus error signals automatically set at the beginning of the recording or 
reproducing operation changes with time because the disk gradually warms, and a servo control becomes impossible 
when a temperature of the disk exceeds a certain temperature. 

An object of the present invention is to provide, with due consideration to the drawbacks of such a conventional opti- 
cal disk recording and/or reproducing apparatus, an optical disk recording and/or reproducing apparatus in which off- 

45 sets, balances and gains of tracking and focus error signals are accurately and reliably readjusted at a short time 
without interrupting a recording or reproducing operation of the apparatus even though a physical condition (or a cir- 
cumstance condition) for the apparatus changes or an optical recording medium such as an optical disk is not uniformly 
formed. 

The object is achieved by the provision of an optical disk reproducing apparatus for reproducing pieces of informa- 
so tion data recorded in a plurality of layers including a first layer and a second layer of an optical recording medium, com- 
prising: 

an optical pick-up for reading out the information data from each of the layers of the optical recording medium; 
buffer storing means for temporarily storing the information data read out from each of the layers by the optical 
pick-up; 

55 data rate controlling means for controlling the writing of the information data in the buffer storing means and the 

reading-out of the information data from the buffer storing means to write the information data read out by the optical 
pick-up in the buffer storing means at a first data rate and read out the information data stored in the buffer storing 
means to an external apparatus at a second data rate lower than the first data rate; 

servo control performing means for performing a tracking control of the optical pick-up or a focus control of the 
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optical pick-up; 

standby condition setting means for setting the optica! pick-up to a standby condition to temporarily stop the 
reading out of the information data from each of the layers of the optical recording medium performed by the optical 
pick-up; 

5 optimizing operation performing means for performing a first optimizing operation for the first layer in which the 

tracking or focus control of the optical pick-up performed by the servo control performing means is optimized to read out 
the information data from the first layer of the optical recording medium, a second optimizing operation for the second 
layer in which the tracking or focus control of the optical pick-up performed by the servo control performing means is 
optimized to read out the information data from the second layer of the optical recording medium and another or other 

10 optimizing operations for other layers except for the first and second layers in which the tracking or focus control of the 
optical pick-up performed by the servo control performing means is optimized to read out the information data from the 
other layers of the optical recording medium; 

reproduction request receiving means for receiving a first request requesting the reproduction of the information 
data recorded in the first layer of the optical recording medium or a second request requesting the reproduction of the 

is information data recorded in the second layer of the optical recording medium; and 

controlling means for performing a first control, in cases where the first request is received by the reproduction 
request receiving means, in which the optimizing operation performing means is controlled to perform the first optimiz- 
ing operation for the first layer, the optical pick-up of which the tracking or focus control is optimized by the optimizing 
operation performing means is controlled to read out pieces of first information data from the first layer of the optical 

20 recording medium under control of the servo control performing means, the data rate controlling means is controlled to 
write the first information data read out by the optical pick-up in the buffer storing means at the first data rate and read 
out the first information data stored in the buffer storing means to the external apparatus at the second data rate, it is 
judged whether or not a volume of the first information data stored in the buffer storing means is equal to or more than 
a first predetermined value, the standby condition setting means is controlled to set the optical pick-up to a standby con- 

25 dition in cases where the volume of the first information data is equal to or more than the first predetermined value, the 
optimizing operation performing means is controlled to perform the second and other optimizing operations for the sec- 
ond and other layers while setting the optical pick-up to the standby condition and reading out the first information data 
stored in the buffer storing means to the external apparatus, it is judged whether or not the volume of the first informa- 
tion data stored in the buffer storing means is equal to or less than a second predetermined value, and the optical pick- 

30 up and the data rate controlling means are controlled to read out pieces of other first information data from the first layer 
of the optical recording medium and write the other first information data in the buffer storing means in cases where the 
volume of the first information data is equal to or less than the second predetermined value, and performing a second 
control, in cases where the second request is received by the reproduction request receiving means, in which the opti- 
mizing operation performing means is controlled to perform the second optimizing operation for the second layer, the 

35 optical pick-up of which the tracking or focus control is optimized by the optimizing operation performing means is con- 
trolled to read out pieces of second information data from the second layer of the optical recording medium under con- 
trol of the servo control performing means, the data rate controlling means is controlled to write the second information 
data read out by the optical pick-up in the buffer storing means at the first data rate and read out the second information 
data stored in the buffer storing means to the external apparatus at the second data rate, it is judged whether or not a 

40 volume of the second information data stored in the buffer storing means is equal to or more than the first predeter- 
mined value, the standby condition setting means is controlled to set the optical pick-up to a standby condition in cases 
where the volume of the second information data is equal to or more than the first predetermined value, the optimizing 
operation performing means is controlled to perform the first and other optimizing operations for the first and other lay- 
ers while setting the optical pick-up to the standby condition and reading out the second information data stored in the 

45 buffer storing means to the external apparatus, it is judged whether or not the volume of the second information data 
stored in the buffer storing means is equal to or less than the second predetermined value, and the optical pick-up and 
the data rate controlling means are controlled to write pieces of other first information data read out from the first layer 
of the optical recording medium in the buffer storing means at the first data rate and read out the other first information 
data from the buffer storing means at the second data rate in cases where the volume of the second information data 

so is equal to or less than the second predetermined value. 

In the above configuration, a plurality of optimizing operations for rearranging and optimizing a focus or tracking 
control of the optical pick-up for all layers of the optical recording medium are not performed in the beginning of a repro- 
ducing operation. That is, in cases where the reproduction of pieces of first (or second) information data recorded in a 
first (or second) layer of the optical recording medium is requested by an operator, a first (or second) optimizing opera- 

55 tion for the first (or second) layer is performed in the beginning of a reproducing operation. Thereafter, the reproduction 
operation for reproducing pieces of first (or second) information data recorded in the first (or second) layer is performed. 
In this case, the first (or second) information data are read out by the optical pick-up and are written in the buffer storing 
means at a first data rate under control of the data rate controlling means, and the first (or second) information data 
stored in the buffer storing means are read out to an external apparatus at a second data rate lower than the first data 
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rate. Therefore, a volume of the first (or second) information data stored in the buffer storing means is gradually 
increased. In cases where the volume of the first (or second) information data is equal to or more than the first prede- 
termined value, because it is required to decrease the volume of the information data, it is not required to read out 
pieces of other first (or second) information data from the first (or second) layer. Therefore, the optical pick-up is set to 
s a standby condition by the standby concfition setting means to temporarily stop the reading out of the other first (or sec- 
ond) information data from the first (or second) layer. In the present invention, second (or first) and other optimizing 
operations for second (or first) and other layers of the optical recording medium are performed during the standby con- 
dition of the optical pick-up. 

Accordingly, because an optimizing operation for the first (or second) layer is only performed in the beginning of a 
10 reproducing operation, a reproducing operation for the first (or second) layer can be immediately started. Also, because 
second (or first) and other optimizing operations for second (or first) and other layers of the optica] recording medium 
are performed when the optical pick-up is set to a standby condition, offsets, balances and gains of tracking and focus 
error signals can be accurately and reliably readjusted at a short time in the beginning of the reproducing operation 
without interrupting the reproducing operation. 
15 Also, the object is achieved by the provision of an optical disk reproducing apparatus for reproducing pieces of infor- 
mation data recorded in a plurality of layers including a first layer and a second layer of an optica) recording medium, 
comprising: 

an optical pick-up for reading out the information data from each of the layers of the optical recording medium; 
buffer storing means for temporarily storing the information data read out from each of the layers by the optical 
20 pick-up; 

data rate controlling means for controlling the writing of the information data in the buffer storing means and the 
reading-out of the information data from the buffer storing means to write the information data read out by the optical 
pick-up in the buffer storing means at a first data rate and read out the information data stored in the buffer storing 
means to an external apparatus at a second data rate lower than the first data rate; 
25 servo control performing means for performing a tracking control of the optical pick-up or a focus control of the 

optical pick-up; 

standby condition setting means for setting the optical pick-up to a standby condition to temporarily stop the 
reading out of the information data from each of the layers of the optical recording medium performed by the optical 
pick-up; 

30 optimizing operation performing means for performing a first optimizing operation for the first layer in which the 

tracking or focus control of the optical pick-up performed by the servo control performing means is optimized to read out 
the information data from the first layer of the optical recording medium, a second optimizing operation for the second 
layer in which the tracking or focus control of the optical pick-up performed by the servo control performing means is 
optimized to read out the information data from the second layer of the optical recording medium and another or other 

35 optimizing operations for other layers except for the first and second layers in which the tracking or focus control of the 
optical pick-up performed by the servo control performing means is optimized to read out the information data from the 
other layers of the optical recording medium; 

reproduction request receiving means for receiving a first request requesting the reproduction of the information 
data recorded in the first layer of the optical recording medium or a second request requesting the reproduction of the 

40 information data recorded in the second layer of the optical recording medium; 

optimizing operation requesting means for requesting the performance of the first or second optimizing operation 
of the optimizing operation performing means; and 

controlling means for performing a first control, in cases where the first request is received by the reproduction 
request receiving means, in which the optical pick-up is controlled to read out pieces of first information data from the 

45 first layer of the optical recording medium under control of the servo control performing means, the data rate controlling 
means is controlled to write the first information data read out by the optical pick-up in the buffer storing means at the 
first data rate and read out the first information data stored in the buffer storing means to the external apparatus at the 
second data rate, it is judged whether or not a volume of the first information data stored in the buffer storing means 15 
equal to or more than a first predetermined value, the standby condition setting means is controlled to set the optical 

so pick-up to a standby condition in cases where the volume of the first information data is equal to or more than the first 
predetermined value, it is judged whether or not the optimizing operation requesting means requests the performance 
of the first or second optimizing operation of the optimizing operation performing means in cases where the optical pick- 
up is set to the standby condition, the optimizing operation performing means is controlled to perform the first optimizing 
operation for the first layer in cases where the optimizing operation requesting means requests the performance of the 

55 first or second optimizing operation of the optimizing operation performing means, the optimizing operation performing 
means is controlled to perform the second and the other optimizing operations for the second and other layers while 
reading out the first information data stored in the buffer storing means to the external apparatus in cases where the 
first optimizing operation is performed by the optimizing operation performing means, it is judged whether or not the vol- 
ume of the first information data stored in the buffer storing means is equal to or less than a second predetermined 
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value, and the optical pick-up and the data rate controlling means are controlled to read out pieces of other first infor- 
mation data from the first layer of the optical recording medium and write the other first information data in the buffer 
storing means in cases where the volume of the first information data is equal to or less than the second predetermined 
value, and 

5 performing a second control, in cases where the second request is received by the reproduction request receiv- 

ing means, in which the optical pick-up is controlled to read out pieces of second information data from the second layer 
of the optical recording medium under control of the servo control performing means, the data rate controlling means is 
controlled to write the second information data read out by the optical pick-up in the buffer storing means at the first data 
rate and read out the second information data stored in the buffer storing means to the external apparatus at the second 

10 data rate, it is judged whether or not a volume of the second information data stored in the buffer storing means is equal 
to or more than a first predetermined value, the standby condition setting means is controlled to set the optical pick-up 
to a standby condition in cases where the volume of the second information data is equal to or more than the first pre- 
determined value, it is judged whether or not the optimizing operation requesting means requests the performance of 
the first or second optimizing operation of the optimizing operation performing means in cases where the optical pick- 

is up is set to the standby condition, the optimizing operation performing means is controlled to perform the second opti- 
mizing operation for the second layer in cases where the optimizing operation requesting means requests the perform- 
ance of the f irst or second optimizing operation of the optimizing operation performing means, the optimizing operation 
performing means is controlled to perform the first and the other optimizing operations for the first and other layers while 
reading out the second information data stored in the buffer storing means to the external apparatus in cases where the 

20 second optimizing operation is performed by the optimizing operation performing means, it is judged whether or not the 
volume of the second information data stored in the buffer storing means is equal to or less than a second predeter- 
mined value, and the optical pick-up and the data rate controlling means are controlled to write pieces of other second 
information data read out from the second layer of the optical recording medium in the buffer storing means at the first 
data rate and read out the other second information data from the buffer storing means at the second data rate in cases 

2s where the volume of the second information data is equal to or less than the second predetermined value. 

In the above configuration, in cases where the reproduction of pieces of information data recorded in a first (or sec- 
ond) layer of the optical recording medium is requested by an operator, the reproduction operation for reproducing the 
information data recorded in the first (or second) layer is performed under the control of the controlling means. That is, 
pieces of first (or second) information data are read out by the optical pick-up and are written in the buffer storing means 

30 at a first data rate under control of the data rate controlling means, and the first (or second) information data stored in 
the buffer storing means are read out to an external apparatus at a second data rate lower than the first data rate. 
Therefore, a volume of the first (or second) information data stored in the buffer storing means is gradually increased. 
In cases where the volume of the first (or second) information data is equal to or more than the first predetermined 
value, it is not required to read out pieces of other first (or second) information data from the first (or second) layer, and 

35 the optical pick-up is set to a standby condition by the standby condition setting means to temporarily stop the reading 
out of the other first (or second) information data from the first (or second) layer. In the present invention, first, second 
and other optimizing operations for the first, second and other layers of the optical recording medium are performed dur- 
ing the standby condition of the optical pick-up in cases where an optimizing operation is requested by the optimizing 
operation requesting means. 

to Accordingly, because the first second and other optimizing operations for the first second and other layers of the 
optical recording medium are performed when the optical pick-up is set to a standby condition, offsets, balances and 
gains of tracking and focus error signals can be accurately and reliably readjusted at a short time during the reproducing 
operation without interrupting the reproducing operation of the apparatus. 

Also, the object is achieved by the provision of an optical disk recording apparatus for recording pieces of infbrma- 
4S tion data transmitted from an external apparatus in a plurality of layers including a first layer and a second layer of an 
optical recording medium, comprising: 

buffer storing means for temporarily storing the information data transmitted from the external apparatus; 
data rate controlling means for controlling the writing of the information data in the buffer storing means and the 
reading-out of the information data from the buffer storing means to read out the information data from the buffer storing 
so means at a first data rate and write the information data transmitted from the external apparatus in the buffer storing 
means at a second data rate lower than the first data rate; 

an optical pick-up for writing the information data read out from the buffer storing means under control of the data 
rate controlling means in each of the layers of the optical recording medium; 

servo control performing means for performing a tracking or focus control for the optical pick-up; 
55 standby condition setting means for setting the optical pick-up to a standby condition to temporarily stop the writ- 

ing of the information data performed by the optical pick-up; 

optimizing operation performing means for performing a first optimizing operation for the first layer In which the 
tracking or focus control for the optical pick-up performed by the servo control performing means is optimized to write 
the information data in the first layer of the optical recording medium, a second optimizing operation for the second layer 
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in which the tracking or focus control for the optical pick-up performed by the servo control performing means is opti- 
mized to write the information data in the second layer of the optical recording medium and another or other optimizing 
operations for other layers except for the first and second layers in which the tracking or focus control for the optical pick- 
up performed by the servo control performing means is optimized to write the information data in the other layers of the 

5 optical recording medium; 

recording request receiving means for receiving a first request requesting the recording of the information data 
in the first layer of the optical recording medium or a second request requesting the recording of the information data in 
the second layer of the optical recording medium; and 

controlling means for performing a first control, in. cases where the first request is received by the recording 

w request receiving means, in which the optimizing operation performing means is controlled to perform the first optimiz- 
ing operation for the first layer, the data rate controlling means is controlled to write pieces of first information data trans- 
mitted from an external apparatus in the buffer storing means at the second data rate and read out the first information 
data stored in the buffer storing means to the optical pick-up at the first data rate, the optical pick-up of which the track- 
ing or focus control is optimized by the optimizing operation performing means is controlled to write the first information 

is data read out from the buffer storing means in the first layer of the optical recording medium under control of the servo 
control performing means, it is judged whether or not a volume of the first information data stored in the buffer storing 
means is equal to or more than a first predetermined value, the standby condition setting means is controlled to set the 
optical pick-up to the standby condition in cases where the volume of the first information data is less than the first pre- 
determined value, the optimizing operation performing means is controlled to perform the second and other optimizing 

20 operations for the second and other layers while writing one or more pieces of other first information data transmitted 
from the external apparatus in the buffer storing means in cases where the optical pick-up is set to the standby condition 
and the optical pick-up is controlled to write the first information data stored in the buffer storing means in the first layer 
of the optical recording medium under control of the servo control performing means in cases where the volume of the 
first information data is equal to or more than the first predetermined value, and 

25 performing a second control, in cases where the second request is received by the recording request receiving 

means, in which the optimizing operation performing means is controlled to perform the second optimizing operation for 
the second layer, the data rate controlling means is controlled to write pieces of second information data transmitted 
from an external apparatus in the buffer storing means at the second data rate and read out the second information data 
stored in the buffer storing means to the optical pick-up at the first data rate, the optical pick-up of which the tracking or 

30 focus control is optimized by the optimizing operation performing means is controlled to write the second information 
data in the second layer of the optical recording medium under control of the servo control performing means, it is 
judged whether or not a volume of the second information data stored in the buffer storing means is equal to or more 
than a first predetermined value, the standby condition setting means is controlled to set the optical pick-up to the 
standby condition in cases where the volume of the first information data is less than the first predetermined value, the 

35 optimizing operation performing means is controlled to perform the first and other optimizing operations for the first and 
other layers while writing one or more pieces of other second information data transmitted from the external apparatus 
in the buffer storing means in cases where the optical pick-up is set to the standby condition and the optical pick-up is 
controlled to write the second information data stored in the buffer storing means in the second layer of the optical 
recording medium under control of the servo control performing means in cases where the volume of the first irrforma- 

40 Won data is equal to or more than the first predetermined value. 

In the above configuration, a plurality of optimizing operations for all layers of the optical recording medium are not 
performed in the beginning of a recording operation. That is, in cases where the recording of pieces of first (or second) 
information data in a first (or second) layer of the optical recording medium is requested by an operator, a first (or sec- 
ond) optimizing operation for the first (or second) layer is performed in the beginning of a recording operation. Thereaf- 

45 ter, the recording operation for recording pieces of first (or second) information data in the first (or second) layer is 
performed. In this case, the first (or second) information data transmitted from the external apparatus are written in the 
buffer storing means at the second data rate and are read out from the buffer storing means to the optical pick-up at the 
first data rate under control of the data rate controlling means. Therefore, a volume of the first (or second) information 
data stored in the buffer storing means is gradually decreased. In cases where the volume of the first (or second) infor- 

so mation data is less than the first predetermined value, because it is required to increase the volume of the information 
data, it is not required to record the first (or second) information data in the first (or second) layer. Therefore, the optical 
pick-up is set to a standby condition by the standby condition setting means to temporarily stop the writing of the first 
(or second) information data in the first (or second) layer. In the present invention, second (or first) and other optimizing 
operations for second (or first) and other layers of the optical recording medium are performed during the standby con- 

55 drtion of the optical pick-up. 

Accordingly, because an optimizing operation for the first (or second) layer is only performed in the beginning of a 
recording operation, a recording operation for the first (or second) layer can be immediately started. Also, because sec- 
ond (or first) and other optimizing operations for second (or first) and other layers of the optical recording medium are 
performed when the optical pick-up is set to a standby condition, offsets, balances and gains of tracking and focus error 
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signals can be accurately and reliably readjusted at a short time in the beginning of the recording operation without 
interrupting the recording operation. 

Also, the object is achieved by the provision of an optical disk recording apparatus for recording pieces of informa- 
tion data transmitted from an external apparatus in a plurality of layers including a f erst layer and a second layer of an 
5 optical recording medium, comprising: 

buffer storing means for temporarily storing the information data transmitted from the external apparatus; 
data rate controlling means for controlling the writing of the information data in the buffer storing means and the 
reading-out of the information data from the buffer storing means to read out the information data from the buffer storing 
. means at a first data rate and write the information data transmitted from the external apparatus in the buffer storing 
io means at a second data rate lower than the first data rate; 

an optical pick-up for writing the information data read out from the buffer storing means under control of the data 
rate controlling means in each of the layers of the optical recording medium; 

servo control performing means for performing a tracking or focus control for the optical pick-up; 
standby condition setting means for setting the optical pick-up to a standby condition to temporarily stop the writ- 
15 ing of the information data performed by the optical pick-up; 

optimizing operation performing means for performing a first optimizing operation for the first layer in which the 
tracking or focus control for the optical pick-up performed by the servo control performing means is optimized to write 
the information data in the first layer of the optical recording medium, a second optimizing operation for the second layer 
in which the tracking or focus control for the optical pick-up performed by the servo control performing means is opti- 
20 mized to write the information data in the second layer of the optical recording medium and another or other optimizing 
operations for other layers except for the first and second layers in which the tracking or focus control for the optical pick- 
up performed by the servo control performing means is optimized to write the information data in the other layers of the 
optical record ng medium; 

recording request receiving means for receiving a first request requesting the recording of the information data 

25 in the first layer of the optical recording medium or a second request requesting the recording of the information data in 
the second layer of the optical recording medium; 

optimizing operation requesting means for requesting the performance of the first or second optimizing operation 
of the optimizing operation performing means; and 

controlling means for performing a first control, in cases where the first request is received by the reproduction 

30 request receiving means, in which the data rate controlling means is controlled to write pieces of first information data 
transmitted from an external apparatus in the buffer storing means at the second data rate and read out the first infor- 
mation data from the buffer storing means at the first data rate, the optical pick-up is controlled to write the first informa- 
tion data read out from the buffer storing means in the first layer of the optical recording medium, it is judged whether 
or not a volume of the first information data stored in the buffer storing means is equal to or more than a first predeter- 

35 mined value, the standby condition setting means is controlled to set the optical pick-up to a standby condition in cases 
where the volume of the first information data is less than the first predetermined value, it is judged whether or not the 
optimizing operation requesting means requests the performance of the first or second optimizing operation of the opti- 
mizing operation performing means in cases where the optical pick-up is set to the standby condition, the optimizing 
operation performing means is controlled to perform the first optimizing operation for the first layer while writing one or 

40 more pieces of other first information data transmitted from the external apparatus in the buffer storing means in cases 
where the optimizing operation requesting means requests the performance of the first or second optimizing operation 
of the optimizing operation performing means, the optimizing operation performing means is controlled to perform the 
second and the other optimizing operations for the second and other layers while writing the other first information data 
in the buffer storing means in cases where the first optimizing operation is performed by the optimizing operation per- 

45 forming means and the optical pick-up is controlled to write the first information data stored in the buffer storing means 
in the first layer of the optical recording medium under control of the servo control performing means in cases where 
the volume of the first information data is equal to or more than the first predetermined value, and 

performing a second control, in cases where the second request is received by the reproduction request receiv- 
ing means, in which the data rate controlling means is controlled to write pieces of second information data transmitted 

so from the external apparatus in the buffer storing means at the second data rate and read out the second information 
data from the buffer storing means at the first data rate, the optical pick-up is controlled to write the second information 
data read out from the buffer storing means in the second layer of the optical recording medium, H is judged whether or 
not a volume of the second information data stored in the buffer storing means is equal to or more than the first prede- 
termined value, the standby condition setting means is controlled to set the optical pick-up to a standby condition in 

55 cases where the volume of the second information data is less than the first predetermined value, it is judged whether 
or not the optimizing operation requesting means requests the performance of the first or second optimizing operation 
of the optimizing operation performing means in cases where the optical pick-up is set to the standby condition, the opti- 
mizing operation performing means is controlled to perform the second optimizing operation for the second layer while 
writing one or more pieces of other second information data transmitted from the external apparatus in the buffer storing 
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means in cases where the optimizing operation requesting means requests the performance of the first or second opti- 
mizing operation of the optimizing operation performing means, the optimizing operation performing means is controlled 
to perform the first and the other optimizing operations for the first and other layers while writing the other second infor- 
mation data in the buffer storing means in cases where the second optimizing operation is performed by the optimizing 

5 operation performing means and the optical pick-up is controlled to write the second information data stored in the 
buffer storing means in the second layer of the optical recording medium under control of the servo control performing 
means in cases where the volume of the second information data is equal to or more than the first predetermined value. 

In the above configuration, in cases where the recording of pieces of information data in a first (or second) layer of 
the optical recording medium is requested by an operator, a recording operation is performed under the control of the 

io controlling means. That is, pieces of first (or second) information data transmitted from the external apparatus are writ- 
ten in the buffer storing means at the second data rate and are read out from the buffer storing means to the optical 
pick-up at the first data rate under control of the data rate controlling means, and a volume of the first (or second) infor- 
mation data stored in the buffer storing means is gradually decreased. Therefore, in cases where the volume of the first 
(or second) information data is less than the first predetermined value, the optical pick-up is set to a standby condition 

15 by the standby condition setting means to temporarily stop the writing of the first (or second) information data in the first 
(or second) layer. 

In the present invention, first, second and other optimizing operations for the first, second and other layers of the 
optical recording medium are performed during the standby condition of the optical pick-up in cases where an optimiz- 
ing operation is requested by the optimizing operation requesting means. Accordingly, offsets, balances and gains of 
20 tracking and focus error signals can be accurately and reliably readjusted at a short time during the recording operation 
without interrupting the recording operation. 

Also, the object is achieved by the provision of an optimizing method of a servo control in an optical disk reproduc- 
ing apparatus having an optical pick-up for reading out pieces of information data recorded in a plurality of layers includ- 
ing a first layer and a second layer of an optical recording medium, buffer storing means for temporarily storing the 
25 information data read out by the optical pick-up, data rate controlling means for controlling the writing of the information 
data in the buffer storing means and the reading-out of the information data from the buffer storing means to write the 
information data read out by the optical pick-up in the buffer storing means at a first data rate and read out the informa- 
tion data stored in the buffer storing means to an external apparatus at a second data rate lower than the first data rate, 
and servo controlling means for performing a tracking or focus control for the optical pick-up, comprising the steps of: 
30 judging whether a first request requesting the reproduction of the information data recorded in the first layer of 

the optical recording medium is received or a second request requesting the reproduction of the information data 
recorded in the second layer of the optical recording medium is received; 

performing a first optimizing operation for the first layer in which the tracking or focus control performed by the 
servo controlling means for the optical pick-up through which the information data are read out from the first layer of the 
35 optical recording medium is optimized in cases where it is judged that the first request is received; 

reading out pieces of first information data from the first layer of the optical recording medium under control of 
the servo controlling means through the optical pick-up for which the tracking or focus control is optimized; 

writing the first information data read out from the first layer in the buffer storing means at the first data rate under 
control of the data rate controlling means; 
40 reading out the first information data stored in the buffer storing means to an external apparatus at the second 

data rate under control of the data rate controlling means; 

judging whether or not a volume of the first information data stored in the buffer storing means is equal to or more 
than a first predetermined value; 

setting the optical pick-up to a standby condition to temporarily stop the reading of the first information data from 
45 the first layer of the optical recording medium in cases where it is judged that the volume of the first information data 
stored in the buffer storing means is equal to or more than the first predetermined value; 

performing second and other optimizing operations for the second and other layers, in which the tracking or focus 
control performed by the servo controlling means for the optical pick-up through which the information data are read out 
from the second and other layers of the optical recording medium is optimized, while reading out the first information 
so data stored in the buffer storing means to the external apparatus in cases where the optical pick-up is set to the standby 
condition; 

judging whether or not the volume of the first information data stored in the buffer storing means is equal to or 
less than a second predetermined value; 

reading out pieces of other first information data from the first layer of the optical recording medium though the 
55 optical pick-up under control of the servo controlling means and writing the other first information data in the buffer stor- 
ing means in cases where it is judged that the volume of the first information data is equal to or less than the second 
predetermined value; 

performing the second optimizing operation for the second layer in cases where it is judged that the second 
request is received; 
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reading out pieces of second information data from the second layer of the optical recording medium under con- 
trol of the servo controlling means through the optical pick-up for which the tracking or focus control is optimized; 

writing the second information data read out from the second layer in the buffer storing means at the first data 
rate under control of the data rate controlling means; 
5 reading out the second information data stored in the buffer storing means to the external apparatus at the sec- 

ond data rate under control of the data rate controlling means; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal to or 
more than the first predetermined value; 

setting the optical pick-up to the standby condition to temporarily stop the reading of the second information from 
io the second layer of the optical recording medium in cases where it is judged that the voiume of the second information 
data stored in the buffer storing means is equal to or more than the first predetermined value; 

performing the first and other optimizing operations for the first and other layers while reading out the second 
information data stored in the buffer storing means to the external apparatus in cases where the optical pick-up is set 
to the standby condition; 

is judging whether or not the volume of the second information data stored in the buffer storing means is equal to 

or less than the second predetermined value; and 

reading out pieces of other second information data from the second layer of the optical recording medium 
though the optical pick-up under control of the servo controlling means and writing the other second information data in 
the buffer storing means in cases where it is judged that the volume of the second information data is equal to or less 
20 than the second predetermined value. 

In the above steps, the second (or first) and other optimizing operations for the second (or first) and other layers of 
the optical recording medium can be performed in the beginning of the reproducing operation for the first (or second) 
layer without interrupting the reproducing operation. 

Also, the object is achieved by the provision of an optimizing method of a servo control in an optical disk reproduc- 
es ing apparatus having an optical pick-up for reading out pieces of information data recorded in a plurality of layers includ- 
ing a first layer and a second layer of an optical recording medium, buffer storing means for temporarily storing the 
information data read out by the optical pick-up, data rate controlling means for controlling the writing of the information 
data in the buffer storing means and the reading-out of the information data from the buffer storing means to write the 
information data read out by the optical pick-up in the buffer storing means at a first data rate and read out the informa- 
30 tion data stored in the buffer storing means to an external apparatus at a second data rate lower than the first data rate, 
servo controlling means for performing a tracking or focus control for the optical pick-up, and optimizing operation 
requesting means for requesting an optimizing operation, comprising the steps of: 

judging whether a first request requesting the reproduction of the information data recorded in the first layer of 
the optical recording medium is received or a second request requesting the reproduction of the information data 
35 recorded in the second layer of the optical recording medium is received; 

reading out pieces of first information data from the first layer of the optical recording medium under control of 
the servo controlling means through the optical pick-up in cases where it is judged that the first request is received; 

writing the first information data read out from the first layer in the buffer storing means at the first data rate under 
control of the data rate controlling means; 
40 reading out the first information data stored in the buffer storing means to an external apparatus at the second 

data rate under control of the data rate controlling means; 

judging whether or not a volume of the first information data stored in the buffer storing means is equal to or more 
than a first predetermined value; 

setting the optical pick-up to a standby condition to temporarily stop the reading of the first information data from 
45 the first layer of the optical recording medium in cases where it is judged that the volume of the first information data 
stored in the buffer storing means is equal to or more than the first predetermined value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the optical pick-up is set to the standby condition; 

performing a first optimizing operation for the first layer, in which the tracking or focus control performed by the 
so servo controlling means for the optical pick-up through which the information data are read out from the first layer of the 
optical recording medium is optimized, while reading out the first information data stored in the buffer storing means to 
the external apparatus in cases where it is judged that the optimizing operation requesting means requests an optimiz- 
ing operation; 

performing second and other optimizing operations for the second and other layers, in which the tracking or focus 
55 control performed by the servo controlling means for the optical pick-up through which the information data are read out 
from the second and other layers of the optical recording medium is optimized, while reading out the first information 
data stored in the buffer storing means to the external apparatus in cases where the first optimizing operation is per- 
formed; 

judging whether or not the volume of the first information data stored in the buffer storing means is equal to or 



9 



EP0724 256 A2 

less than a second predetermined value; 

reading out pieces of other first information data from the first layer of the optical recording medium though the 
optical pick-up under control of the servo controlling means and writing the other first information data in the buffer stor- 
ing means in cases where it is judged that the volume of the first information data is equal to or less than the second 
5 predetermined value; 

reading out pieces of second information data from the second layer of the optical recording medium under con- 
trol of the servo controlling means through the optical pick-up in cases where it is judged that the second request is 
received; 

writing the second information data read out from the second layer in the buffer storing means at the first data 
10 rate under control of the data rate controlling means; 

reading out the second information data stored in the buffer storing means to the external apparatus at the sec- 
ond data rate under control of the data rate controlling means; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal to or 
more than the first predetermined value; 
is setting the optical pick-up to the standby condition to temporarily stop the reading of the second information data 

from the second layer of the optical recording medium in cases where it is judged that the volume of the second infor- 
mation data stored in the buffer storing means is equal to or more than the first predetermined value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the optical pick-up is set to the standby condition; 
20 performing the second optimizing operation for the second layer while reading out the second information data 

stored in the buffer storing means to the external apparatus in cases where it is judged that the optimizing operation 
requesting means requests an optimizing operation; 

performing the first and other optimizing operations for the first and other layers while reading out the second 
information data stored in the buffer storing means to the external apparatus in cases where the second optimizing 
25 operation is performed; 

judging whether or not the volume of the second information data stored in the buffer storing means is equal to 
or less than the second predetermined value; and 

reading out pieces of other second information data from the second layer of the optical recording medium 
though the optical pick-up under control of the servo controlling means and writing the other second information data in 
30 the buffer storing means in cases where it is judged that the volume of the second information data is equal to or less 
than the second predetermined value. 

In the above steps, the first, second and other optimizing operations for the first, second and other layers of the opti- 
cal recording medium can be performed during the reproducing operation for the first or second layer without interrupt- 
ing the reproducing operation. 

35 Also, the object is achieved by the provision of an optimizing method of a servo control in an optical disk recording 
apparatus having buffer storing means for temporarily storing pieces of information data transmitted from an external 
apparatus, data rate controlling means for controlling the writing of the information data in the buffer storing means and 
the reading-out of the information data from the buffer storing means to read out the information data from the buffer 
storing means at a first data rate and write the information data in the buffer storing means at a second data rate lower 
40 than the first data rate, an optical pick-up for writing the information data read out from the buffer storing means in a 
plurality of layers including a first layer and a second layer of an optical recording medium, and servo controlling means 
for performing a tracking or focus control for the optical pick-up. comprising the steps of: 

judging whether a first request requesting the recording of the information data recorded in the first layer of the 
optical recording medium is received or a second request requesting the recording of the information data recorded in 
45 the second layer of the optical recording medium is received; 

performing a first optimizing operation for the first layer in which the tracking or focus control performed by the 
servo controlling means for the optical pick-up through which the information data are written in the first layer of the opti- 
cal recording medium is optimized in cases where it is judged that the first request is received; 

writing pieces of first information data transmitted from the external apparatus in the buffer storing means at the 
so second data rate under the control of the data rate controlling means; 

reading out the first information data stored in the buffer storing means to the optical pick-up at the first data rate 
under the control of the data rate controlling means; 

judging whether or not a volume of the first information data stored in the buffer storing means is equal to or more 
than a first predetermined value; 
55 setting the optical pick-up to a standby condition to temporarily stop the writing of the first information data per- 

formed by the optical pick-up in cases where the volume of the first information data is less than the first predetermined 
value; 

performing second and other optimizing operations for the second and other layers, in which the tracking or focus 
control performed by the servo controlling means for the optical pick-up through which the information data are written 
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in the second and other layers of the optical recording medium is optimized, while writing one or more pieces of other 
first information data transmitted from the external apparatus in the buffer storing means in cases where the optical 
pick-up is set to the standby condition; 

writing the first information data stored in the buffer storing means in the first layer of the optical recording 
5 medium under control of the servo controlling means in cases where the volume of the first information data is equal to 
or more than the first predetermined value; 

performing the second optimizing operation for the second layer in cases where it is judged that the second 
request is received; 

writing pieces of second information data transmitted from the external apparatus in the buffer storing means at 
10 the second data rate under the control of the data rate controlling means; 

reading out the second information data stored in the buffer storing means to the optical pick-up at the first data 
rate under the control of the data rate controlling means; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal to or 
more than the first predetermined value; 
15 setting the optical pick-up to the standby condition to temporarily stop the writing of the second information data 

performed by the optical pick-up in cases where the volume of the second information data is less than the first prede- 
termined value; 

performing the first and other optimizing operations for the first and other layers while writing one or more pieces 
of other second information data transmitted from the external apparatus in the buffer storing means in cases where the 
20 optical pick-up is set to the standby condition; and 

writing the second information data stored in the buffer storing means in the second layer of the optical recording 
medium under control of the servo controlling means in cases where the volume of the second information data is equal 
to or more than the first predetermined value. 

In the above steps, the second (or first) and other optimizing operations for the second (or first) and other layers of 
25 the optical recording medium can be performed in the beginning of the recording operation for the first (or second) layer 
without interrupting the recording operation. 

Also, the object is achieved by the provision of an optimizing method of a servo control in an optical disk recording 
apparatus having buffer storing means for temporarily storing pieces of information data transmitted from an external 
apparatus, data rate controlling means for controlling the writing of the information data in the buffer storing means and 
30 the reading-out of the information data from the buffer storing means to read out the information data from the buffer 
storing means at a first data rate and write the information data in the buffer storing means at a second data rate lower 
than the first data rate, an optical pick-up for writing the information data read out from the buffer storing means in a 
plurality of layers including a first layer and a second layer of an optical recording medium, servo controlling means for 
performing a tracking or focus control for the optical pick-up, and optimizing operation requesting means for requesting 
35 an optimizing operation, comprising the steps of: 

judging whether a first request requesting the recording of the information data recorded in the first layer of the 
optical recording medium is received or a second request requesting the recording of the information data recorded in 
the second layer of the optical recording medium is received; 

writing pieces of information data transmitted from the external apparatus in the buffer storing means at the sec- 
40 ond data rate under control of the data rate controlling means in cases where it is judged that the first request is 
.received; 

reading out the first information data from the buffer storing means at the first data rate under control of the data 
rate controlling means to write the first information data in the first layer of the optical recording medium through the 
optical pick-up; 

45 judging whether or not a volume of the first information data stored in the buffer storing means is equal to or more 

than a first predetermined value; 

setting the optical pick-up to a standby condition to temporarily stop the writing of the first information data per- 
formed by the optical pick-up in cases where the volume of the first information data is less than the first predetermined 
value; 

so judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 

where the optical pick-up is set to the standby condition; 

performing a first optimizing operation for the first layer, in which the tracking or focus control performed by the 

servo controlling means for the optical pick-up through which the first information data are written in the first layer of the 

optical recording medium is optimized, while writing one or more pieces of other first information data transmitted from 
55 the external apparatus in the buffer storing means in cases where the optimizing operation requesting means requests 

the optimizing operation; 

performing second and other optimizing operations for the second and other layers, in which the tracking or focus 
control performed by the servo controlling means for the optical pick-up through which the information data are written 
in the second and other layers of the optical recording medium is optimized, while writing the other first information data 
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in the buffer storing means in cases where the first optimizing operation is performed; 

writing the first information data stored in the buffer storing means in the first layer of the optical recording 
medium through the optical pick-up under control of the servo controlling means in cases where the volume of the first 
information data is equal to or more than the first predetermined value; 
5 writing pieces of second information data transmitted from the external apparatus in the buffer storing means at 

the second data rate under control of the data rate controlling means in cases where it is judged that the second request 
is received; 

reading out the second information data from the buffer storing means at the first data rate under control of the 
data rate controlling means to write the second information data in the first layer of the optical, recording medium 
10 through the optica! pick-up; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal to or 
more than the first predetermined value; 

setting the optical pick-up to the standby condition to temporarily stop the writing of the second information data 
performed by the optical pick-up in cases where the volume of the second information data is less than the first prede- 
15 termined value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the optical pick-up is set to the standby condition; 

performing the second optimizing operation for the second layer while writing one or more pieces of other second 
information data transmitted from the external apparatus in the buffer storing means in cases where the optimizing 
20 operation requesting means requests the optimizing operation; 

performing the first and other optimizing operations for the first and other layers while writing the other second 
information data in the buffer storing means in cases where the second optimizing operation is performed; and 

writing the second information data stored in the buffer storing means in the second layer of the optical recording 
medium through the optical pick-up under control of the servo controlling means in cases where the volume of the sec- 
25 ond information data is equal to or more than the first predetermined value. 

In the above steps, the first, second and other optimizing operations for the first, second and other layers of the 
optical recording medium can be performed during the recording operation for the first or second layer without interrupt- 
ing the recording operation. 

The objects, features and advantages of the present invention will be apparent from the following description taken 
30 in conjunction with the accompanying drawings, in which: 

Fig. 1 is a block diagram of a DVD type optical disk recording and/or reproducing apparatus according to a first 
embodiment of the present invention; 
Fig. 2 is a block diagram of a pre-amplif ier shown in Fig. 1 ; 
35 Rg. 3 is a functional block diagram of a CPU of a microcomputer shown in Fig. 1 ; 

Fig. 4 is a flow chart showing the procedure of an optimizing operation which is required at the beginning of a pro- 
ducing operation performed in the apparatus shown in Rg. 1 ; 

Fig. 5 is a flow chart showing the procedure of an optimizing operation which is required during a reproducing oper- 
ation performed in the apparatus shown in Fig. 1 ; 
ao Rg. 6 shows a timing chart of a volume of data stored in a DRAM shown in Rg. 1, optical pick-up conditions, the 
transmission of pieces of reproduced signals, and temperatures measured by a temperature sensor shown in Rg. 
1; 

Rg. 7 is a block diagram of a DVD type optical disk recording and/or reproducing apparatus according to a second 
embodiment of the present invention; 
45 Rg. 8 shows a timing chart of a volume of data stored in a DRAM shown in Rg. 7, optical pick-up conditions, the 
transmission of pieces of reproduced signals and the number of erred signals counted by an error counting unit 
shown in Fig. 7 according to the second embodiment; 

Rg. 9 is a flow chart showing the procedure of an optimizing operation performed during a reproducing operation 
according to the third embodiment; 
so Rg. 10 is a flow chart showing the procedure of an optimizing operation which is required during a recording oper- 
ation performed in the apparatus shown in Fig. 1 ; 

Rg. 1 1 shows a timing chart of a volume of data stored in the DRAM in a recording operation, optical pick-up con- 
ditions, the transmission of pieces of recording information, and temperatures measured by the temperature sen- 
sor; 

55 Rg. 12A is a flow chart showing the procedure of an optimizing operation which is required for an optical mini-disk 
having only a first layer during a reproducing operation performed in the apparatus; 

Rg. 12B is a flow chart showing the procedure of an optimizing operation which is required for an optical mini-disk 
having only a first layer in a recording operation performed in the apparatus; 

Rgs. 1 3 A and 1 3B show a track-jump of a laser beam from a track to another track of a disk in a first example; 
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Fig. 14 (or a group of Figs. 14(a) to 14(0) is a timing chart of an adjusting operation in which the balance and offset 
of a tracking error signal are adjusted in the first example; 

Figs. 15A and 15B show a track-jump of a laser beam from a track to another track of a disk in a second example; 
Fig. 1 6 (or a group of Figs. 1 6(a) to 1 6(0) is a timing chart of an adjusting operation in which the balance and offset 
5 of a tracking error signal are adjusted in the second example; 

Fig. 1 7 shows the change of an intensity of a laser beam reflecting on an optical disk shown in Fig. 1 , voltages of 
focus and tracking error signals, voltages of focus error detecting signals and voltages of tracking error detecting 
signals with respect to a distance between the optical pick-up and a recording layer nearer to a disk surface of the 
optical disk 1 ; 

w Fig. 18 shows the change of voltage levels of detecting signals with respect to a laser power; and 

Fig. 19 shows a constant term regardless of a laser power and a variable term proportional to the laser power in 
each of detecting signals. 

Preferred embodiments of an optical disk recording and/or reproducing apparatus and an optical disk reproducing 

15 apparatus according to the present invention are described with reference to drawings. 

Types of digital video disks (DVDs) well-known are classified into a pit type of disk for only reading data in the same 
manner as a conventional audio type disk for recording audio or sound signals, a phase changing type of optical disk in 
which data is recordable and reproducible, and a so-called write-once type disk in which data is writable only once, tn 
the embodiments, a type of disk having two recording layers in lamination structure in which data is recordable and 

20 reproducible is used for an optical disk recording and/or reproducing apparatus. 

Fig. 1 is a block diagram of a DVD type optical disk recording and/or reproducing apparatus according to a first 
embodiment of the present invention. 

As shown in Fig. 1, an optical disk 1 receives a laser beam radiated from an optical pick-up (or an optica! head, an 
optical magnetic head or a transducer) 2 having a laser diode (not shown). The optical disk 1 has a first layer and a sec- 

25 ond layer, a series of tracks extending from an inner track portion to an outer track portion is formed in spiral shape in 
each of the layers of the optical disk 1 , and a photo-spot (or a focusing spot) of the laser beam is formed on one track 
of one layer of the optical disk 1. Therefore, pieces of information data representing document information, aural or 
sound information and picture information arranged in a prescribed format are optically recorded and reproduced 
in/from the disk 1 . The disk 1 is rotated at a constant linear velocity by a spindle motor 3 under control of a motor driver 

30 4a of a first control block 4. Also, a weight unit 5 is attached to the optical pick-up 2, and the optical pick-up 2 is moved 
in a radial direction of the disk 1 by a traverse motor 6 under control of the motor driver 4a of the first control block 4 in 
cooperation with the weight unit 5. 

The optical pick-up 2 receives a laser beam which is radiated to the disk 1 from the laser diode of the optical pick- 
up 2 and reflects on the disk 1. In this case, four types of focus error detecting signals Sa to Sd are obtained from the 

35 reflecting laser beam according to an astigmatic aberration method, and two types of tracking error detecting signals 
Se and Sf are obtained from the reflecting laser beam according to a three-beams method. The focus error detecting 
signals Sa to Sd and the tracking error detecting signals Se and Sf obtained in the optical pick-up 2 are amplified by a 
head amplifier 8 by changing frequency characteristics of the reproduced signal, and the detecting signals Sa to Sf are 
transmitted to a pre-amplifier 9 functioning as a detecting and adjusting means. In the pre- amplifier 9, an eight-to-four- 

40 teen modulation (EFM) plus signal indicating a block of information data recorded in the disk 1 is produced from the 
focus error detecting signals Sa to Sd, the focus error detecting signals Sa to Sd are amplified to produce a focus error 
signal FEO, and the tracking error detecting signals Se and Sf are amplified to produce a tracking error signal TEO. 
Also, an actuating signal for actuating the laser diode of the optical pick-up 2 is generated in the pre-amplifier 9, and the 
actuating signal is applied to the optical pick-up 2 through the head amplifier 8. 

45 The EFM plus signal and the error signals FEO and TEO are transmitted to a second control block 10 comprising 
a variable speed transmission controller 10a, a memory controller 10b, an EFM modulation-demodulation circuit 10c, 
an error correcting circuit 10d and a servo circuit 10e. The servo circuit 10e is. for example, formed by a digital signal 
processor. A servo signal is generated according to the error signals FEO and TEO by the servo circuit 10e of the sec- 
ond control block 1 0, the motor driver 4a and a tracking and focus control circuit 4b of the first control block 4 is control- 

so led by the servo signal, and a servo control is performed by controlling the optical pick-up 2 under the control of the 
tracking and focus control circuit 4b of the first control block 4. 

A temperature sensor 20 is placed in the neighborhood of the optical pick-up 2 and the disk 1, and an ambient 
atmosphere temperature is measured by the temperature sensor 20. A temperature signal indicating the ambient 
atmosphere temperature is output to a microcomputer 11. A dynamic random access memory (DRAM) 13 having a 

55 memory capacity of 4 Mbits is provided to temporarily store a plurality of EFM plus signals transmitted to the second 
control block 10 one after another in a reproducing operation under control of the memory controller 10b and temporar- 
ily store a plurality of recording signals transmitted from an external apparatus to the second control block 10 in a 
recording operation under control of the memory controller 10b. 
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In a recording operation, a plurality of recording signals temporarily stored in the DRAM 13 are read out to the sec- 
ond control block 10 under the control of the memory controller 10b and are coded and modulated to a plurality of EFM 
plus signals by the EFM modulation-demodulation circuit 10c. In this case, an error correcting code is added to each of 
the EFM plus signal by the error correcting circuit 10d. Thereafter, the EFM plus signals are transmitted to the head 

5 . amplifier 8 through the pre-amplifier 9 in a variable speed controlled by the variable speed transmission controller 10a. 
Also, the optical pick-up 2 is moved to the neighborhood of an innermost track portion of the disk 1 under the control of 
the microcomputer 11. identification information (or table of contents TOC) recorded in the innermost track is read out, 
and an offset and balance of the tracking error signal TEO are adjusted according to the identification information. 
In a reproducing operation, a plurality of EFM plus signals temporarily stored in the DRAM 13 are read out to the 

10 second control block 1 0 under the control of the memory controller 1 0b and are decoded and demodulated to a plurality 
of reproduced signals indicating the information data by the EFM modulation-demodulation circuit 10c of the block 10, 
error correcting codes included in the reproduced signals are decoded and removed by the error correcting circuit 10d, 
and the reproduced signals are transmitted one after another to an external apparatus in a variable speed controlled by 
the variable speed transmission controller 10a. 

is The compression (or encoding) of a plurality of recording signals transmitted from an external apparatus and the 
expansion (decoding) of a plurality of reproduced signals read from the disk 1 are performed according to a preserved 
method under the control of a compression and expansion control unit 1 4. Picture signals, audio or sound signals and 
ROM signals are transmitted to the second control block 10 as the recording signals. In this case, it is applicable that 
an A/D converter and a D/A converter be provided between the block 10 and the external apparatus. 

20 The microcomputer 1 1 comprises an analog-digital (A/D) converter 1 la for receiving the focus error detecting sig- 
nals Sa to Sd, the tracking error detecting signals Se and Sf, the error signals FEO and TEO and the like from the pre- 
amplifier 9, a pulse width modulation (PWM) unit 1 1b for controlling an output power of the laser diode placed in the 
optical pick-up 2 by actuating the laser diode according to a pulse width modulation (PWM) signal, for example, having 
12 bits, a random access memory (RAM) 11c having a plurality of work areas for storing upper and lower peak values 

25 of the tracking error signal TEO, control data and ambient atmosphere temperatures around the disk 1, a read only 
memory (ROM) 1 1d for storing a control program, a central processing unit (CPU) 1 1 e for controlling the weight unit 5. 
the pre-amplifier 9 and the second control block 1 0 according to the control program stored in the ROM 1 1d, and a bus 
1 1f connecting the elements 1 1a to 1 1 e. A PWM signal generated by the PWM unit 1 1b is converted into a PWM signal 
having a direct current voltage by a low pass filter (LPF) 1 2 and is applied to a laser power control unit 22 (shown in Fig. 

30 2) of the pre-amplifier 9. Thereafter, the PWM signal is transmitted to the laser diode of the optical pick-up 2 through the 
head amplifier 8, and the laser diode is actuated. 

An input unit 16 and a displaying unit 18 are connected to the microcomputer 1 1 . The input unit 16 functions as a 
reproduction request receiving means for receiving a request requesting the production of the information data 
recorded in the first or second layer of the disk 1 and functions as a recording request receiving means for receiving a 

35 request requesting the recording of the recording information in the first or second layer of the disk 1. In cases where 
an instruction or request is input to the input unit 18 by an user, a recording condition, a reproducing condition or a con- 
trol condition is displayed on the displaying unit 18. 

Next, the production of the error signals FEO and TEO and the EFM plus signal used for a servo control is 
described in detail with reference to Fig. 2. 

40 Fig. 2 is a block cBagram of the pre-amplifier 9. 

As shown in Fig. 2, the focus error detecting signals Sa to Sd transmitted from the optical pick-up 2 through the 
head amplifier 8 is converted to the EFM plus signal in a reproduced information signal outputting circuit 21, and the 
EFM plus signal is transmitted to the EFM modulation-demodulat ion circuit 10c and the error correcting circuit 10d of 
the second control block 10. Also, an envelope of the EFM plus signal is detected in an EFM envelope detecting circuit 

45 21a, and an EFM envelope signal EFMENV is produced and transmitted to the A/D converter 1 1a of the microcomputer 
11. 

Also, after the focus error detecting signals Sa to Sd are separated from each other in a four-division sensor (not 
shown), the focus error detecting signals Sa and Sc are applied to a plus terminal of a focus balance differential ampli- 
fier 23F, and the focus error detecting signals Sb and Sd are applied to a minus terminal of the focus balance differential 

so amplifier 23R Because a focus balance voltage determined by a pair of focus balance variable resisting elements 24F1 
and 24F2 is applied to the plus terminal of the focus balance differential amplifier 23F, a focus error signal FE having a 
voltage level {a(A+C)-B-D } is calculated from the focus error detecting signals Sa to Sd in differential amplifier 23F. 
Here, a symbol A denotes a voltage level of the signal Sa, a symbol B denotes a voltage level of the signal Sb, a symbol 
C denotes a voltage level of the signal Sc. a symbol D denotes a voltage level of the signal Sd, and a symbol a denotes 

55 a coefficient for a focus balance adjusting degree. Thereafter, the focus error signal FE is amplified by a focus gain 
amplifier 25F and a variable resisting element 26F according to a focus gain signal FO, and a focus offset of the focus 
error signal FE amplified is adjusted by a focus offset differential amplifier 27F and a variable resisting element 28F 
according to a focus offset signal FOFS. Therefore, the focus error signal FEO is produced and transmitted to the servo 
circuit 1 0e of the second control block 1 0 and the A/D converter 1 1 a of the microcomputer 1 1 . 
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The tracking error detecting signals Se and Sf are separated from each other in a two-division sensor (not shown) 
and are applied to a polarity change-over circuit 29. In the circuit 29, polarities of the detecting signaJs Se and Sf are 
changed according to a polarity selecting signal TESEL Thereafter, the detecting signals Se an Sf are applied to a 
tracking balance differential amplifier 23T, and a tracking error signal TE is produced by the differential amplifier 23T 

5 and a pair of variable resisting elements 24T1 and 24T2 according to a tracking balance signal TBAL In cases where 
the polarity selecting signal TESEL is -straight", the tracking error signal TE has a voltage level (pF-E). In contrast, in 
cases where the polarity selecting signal TESEL is "cross", the tracking error signal TE has a voltage level (pE-F). Here, 
a symbol E denotes a voltage level of the signal Se, a symbol F denotes a voltage level of the signal Sf. and a symbol 
p denotes a coefficient for a tracking balance adjusting degree. Thereafter, the tracking error signal TE is amplified by 

w a tracking gain amplifier 25T and a variable resisting element 26T according to a tracking gain signal TG, and a tracking 
offset of the tracking error signal TE amplified is adjusted by a tracking offset differential amplifier 27T and a variable 
resisting element 28T according to a tracking offset signal TOFS. Therefore, the tracking error signal TEO is produced 
and transmitted to the servo circuit 1 0e of the second control block 1 0 and the A/D converter 1 1 a of the microcomputer 
11. 

is Each of the focus balance variable resisting elements 24F1 and 24F2. the variable resisting element 26F. the vari- 
able resisting element 28F, the variable resisting elements 24T1 and 24T2. the variable resisting element 26T and the 
variable resisting element 28T is composed of a plurality of resistors arranged in ladder shape and an analog switch. A 
pair of variable resistance values of the focus balance variable resisting elements 24F1 and 24F2 are controlled in cor- 
relation with each other, and a pair of variable resistance values of the tracking balance variable resisting elements 

20 24T1 and 24T2 are controlled in correlation with each other. The focus balance signal FBAL, the focus gain signal FG. 
the focus offset signal FOFS, the tracking balance signal TBAL, the tracking gain signal TG and the tracking offset sig- 
nal TOFS are supplied from a microcomputer data interface 36 according to the control data stored in the RAM 1 1 c of 
the microcomputer 1 1 , and the analog switches of the variable resisting elements 24F, 26F, 28F. 24T, 26T and 28T are 
respectively and selectively set to "on" or "off" according to the signals FBAL, FG, FOFS, TBAL, TG and TOFS. There- 

25 fore, a resistance value of each variable resisting element is changed in step shape. As a result, balance, gain and off- 
set of the focus error signal FEO and balance, gain and offset of the tracking error signal TEO can be adjusted. 

An upper peak voltage VH and a lower peak voltage VL in the tracking error signal TEO output from the differential 
amplifier 27T are held by a peak hold circuit 30 functioning as a peak measuring means to adjust the balance and offset 
of the tracking error signal TEO. The upper and lower peak voltages VH and VL are transmitted to the A/D converter 

30 1 1 a of the microcomputer 1 1 . Also, it is judged by a pair of differential amplifiers 31 H and 31 L whether the tracking error 
signal TEO output from the differential amplifier 27T is crossed to a positive side or a negative side. In other words, a 
polarity of the tracking error signal TEO is judged. In cases where the tracking error signal TEO is crossed to a positive 
side, a track cross signal SH indicating a positive cross is detected by the differential amplifier 31 H. In contrast, in cases 
where the tracking error signal TEO is crossed to a negative side, a track cross signal SL indicating a negative cross is 

35 detected by the differential amplifier 31 L. The track cross signals SH and SLare transmitted to an input port (not shown) 
of the microcomputer 1 1 . The peak hold circuit 30 can be reset by a reset signal transmitted from the microcomputer 1 1 . 

In the above configuration of a DVD type optical disk recording and/or reproducing apparatus 32 shown in Fig. 1, 
in cases where an optimizing operation performed in a servo control means comprising the first and second control 
blocks 4 and 10 and the pre-amplifier 9 is required during a reproducing operation of the apparatus 32 or at the begin- 

40 ning of the reproducing operation. The optimizing operation performed at the beginning of the reproducing operation of 
the apparatus 32 is described with reference to Figs. 3 and 4. 

Fig. 3 is a functional block diagram of the CPU 1 1 e of the microcomputer 11. 
As shown in Fig. 3, the CPU 1 1e comprises 
a reproduction request judging unit 41 for judging whether a request input to the input unit 16 is a first request 

45 requesting the reproduction of the information data recorded in the first layer of the disk 1 or a second request request- 
ing the reproduction of the information data recorded in the second layer of the disk 1 ; 

a first layer optimizing operation controlling unit 42 for controlling the servo circuit lOe of the second control block 
10 to control a first optimizing operation for the first layer of the disk 1 and controlling the servo circuit 10e to move the 
optical pick-up 2 to the inner track portion of the first layer of the disk 1 and read out a table of contents (TOC) recorded 

so in the first layer of the disk 1 in cases where it is judged by the reproduction request judging unit 41 that the first request 
is input to the input unit 16; 

a second layer optimizing operation controlling unit 43 for controlling the servo circuit 10e to control a second 
optimizing operation for the second layer of the disk 1 and controlling the servo circuit 10e to move the optical pick-up 
2 to the inner track portion of the second layer of the disk 1 and read out a table of contents (TOC) recorded in the sec- 
55 ond layer of the disk 1 in cases where H is judged by the reproduction request judging unit 41 that the second request 
is input to the input unit 16; 

a first reproducing operation controlling unit 44 for controlling the servo circuit 10e and the optical pick-up 2 to 
control a first reproducing operation in which pieces of information data recorded in the first layer of the disk 1 are read 
out at the first data rate and reproduced as a plurality of reproduced signals at the second data rate in cases where h 
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is judged by the reproduction request judging unit 41 that the first request is input; 

a second reproducing operation controlling unit 45 for controlling the servo circuit 10e and the optical pick-up 2 
to control a second reproducing operation in which pieces of information data recorded in the second layer of the disk 

1 are read out and reproduced as a plurality of reproduced signals in cases where it Is judged by the reproduction 
5 request judging unit 41 that the second request is input; 

a first data volume judging unit 46 for judging whether or not a volume of data stored in the DRAM 13 according 
to the first reproducing operation controlled by the first reproducing operation controlling unit 44 is equal to or more than 
a first predetermined value; 

a second data volume judging unit 47 for judging whether or not a volume of data stored in the DRAM 1 3 accord- 
10 ing to the second reproducing operation controlled by the second reproducing operation controlling unit 45 is equal to 
or more than the first predetermined value; 

a third layer optimizing operation controlling unit 48 for controlling the servo circuit 10e to set the optical pick-up 

2 in a standby condition and perform a second optimizing operation for the second layer of the disk 1 in cases where it 
is judged by the first data volume judging unit 46 that a volume of the information data stored in the DRAM 13 is equal 

is to or more than the first predetermined value; 

a fourth layer optimizing operation controlling unit 49 for controlling the servo circuit lOe to set the optical pick- 
up 2 in a standby condition and perform a first optimizing operation for the first layer of the disk 1 in cases where it is 
judged by the second data volume judging unit 47 that a volume of the information data stored in the DRAM 13 is equal 
to or more than the first predetermined value; and 
20 a third data volume judging unit 50 tor judging whether or not a volume of the information data stored in the 

DRAM 13 is equal to or less than a second predetermined value. 

Fig. 4 is a flow chart showing the procedure of an optimizing operation which is required at the beginning of the 
reproducing operation. 

For example, when an electric source for the apparatus 32 is switched on and the disk 1 is set in the apparatus 32, 

25 an optimizing operation shown in Fig. 3 is started. In this case, a first optimizing request flag F1 for a first layer of the 
disk 1 is initially set to "0", and a second optimizing request flag F2 for a second layer of the disk 1 is initially set to "0". 

In a step S1 , it is judged by the reproduction request judging unit 41 of the CPU 1 1 e whether or not a first request 
Y1 requesting the reproduction of information recorded in a first layer of the disk 1 or a second request Y2 requesting 
the reproduction of information recorded in a second layer of the disk 1 is input to the input unit 16. In cases where the 

30 first request Y1 is detected by the CPU 1 1 e or any request is not detected, the procedure proceeds to a step S2. In con- 
trast, in cases where the second request Y2 is detected by the CPU 1 1 e, the procedure proceeds to a step S1 1 to per- 
form a second optimizing operation for the second layer. 

In the step S2, a first optimizing operation for the first layer of the disk 1 is performed under the control of the first 
control block 4, the servo circuit 10e and the first layer optimizing operation controlling unit 42 of the servo circuit 10e. 

35 In the first optimizing operation and the second optimizing operation for the second layer, offset, balance or gain of the 
tracking error signal TEO is adjusted to optimize a tracking control for the optical pick-up 2, and offset, balance or gain 
of the focus error signal FEO is adjusted to optimize a focus control for the optical pick-up 2. In this case, it is preferred 
that the offset, the balance and the gain of the tracking and focus error signals TEO and FEO be adjusted. The first and 
second optimizing operations are described later in detail. When the first optimizing operation is finished, the first opti- 

40 mizing request flag F1 is set to T. Thereafter, the optical pick-up 2 is moved to the inner track portion of the first layer 
of the disk 1, a table of contents (TOC) recorded in the first layer of the disk 1 is read out and the adjustment of a laser 
power and an initial set of the differential amplifiers 23F, 23T, 25F, 25T, 27F, 27T, 31 H and 31 L are performed according 
to the TOC (step S3). Also, a specific address is read out, and the optical pick-up 2 is moved to the specific address to 
perform the reproducing operation. 

45 Thereafter, in a step S4, H is judged in the same manner as in the step S1 whether or not the first request Y1 
requesting the reproduction of information recorded in the first layer of the disk 1 or the second request Y2 requesting 
the reproduction of information recorded in the second layer of the disk 1 is input to the input unit 16. 

In cases where the first request Y1 is again detected by the CPU 1 1e, the procedure proceeds to a step S5. In the 
step S5, pieces of information data are read out one after another from the first layer of the disk 1 through the optical 

so pick-up 2 at a first data rate under the control of the first reproducing operation controlling unit 44 and are transmitted 
to the second control block 1 0 through the head amplifier 8 and the pre-amplifier 9. Thereafter, the information data are 
temporarily stored in the DRAM 13 functioning as a buffer storing means at the first data rate under the control of the 
memory controller 10b and are read out to the second control block 10 at a second data rate lower than the first data 
rate under the control of the memory controller 10b. Therefore, the memory controller 10b functions as a data rate con- 

55 trolling means, and a volume of data stored in the DRAM 13 is gradually increased during a reading operation in which 
the information data are read out from the disk 1 . Thereafter, the information data are decoded by the EFM modulation- 
demodulation circuit 10c and are time-expanded under the control of the compression and expansion control unit 14, 
and the information data decoded and expanded are output to an external apparatus one after another as a pturality of 
reproduced signals in variable speed under control of the variable speed transmission controller 10a. 
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Thereafter, in a step S6, it is judged by the first data volume judging unit 46 of the CPU 1 1 e whether or not a volume 
of the information data stored in the DRAM 13 is equal to or more than a first predetermined value (for example, 80% 
of a data storage capacity of the DRAM 13). That is, in cases where information data stored in the DRAM 13 is read 
out, the information data is deleted in the DRAM 13. and a volume of the information data stored in the DRAM 13 is 

s gradually decreased as pieces of information data are read out from the DRAM 1 3. Therefore, in cases where a volume 
of the information data stored in the DRAM 13 is less than the first predetermined value, the procedure returns to the 
step S5, and a piece of information data recorded in the first layer of the disk 1 are read out and stored in the DRAM 13 
to continue the reproducing operation. In contrast, in cases where a volume of the information data stored in the DRAM 
13 is equal to or more than the first predetermined value, it is not required to moreover read out pieces of information 

10 data from the first layer. Therefore, the optical pick-up 2 is set to a standby condition by the third layer optimizing oper- 
ation controlling unit 48 to temporarily stop the reading out of pieces of information data from the first layer, and the 
reading out of the information data stored in the DRAM 13 is continued. Thereafter, it is judged by the CPU 1 1e whether 
or not the second optimizing request flag F2 is set to "1 " (step S7). In cases where the second optimizing request flag 
F2 is set to "0", because the second optimizing operation for the second layer has not been performed, the second opti- 
cs mizing operation for the second layer is performed under control of the third layer optimizing operation controlling unit 
48, the servo circuit 1 0e and the first control block 4 (a step S8). When the second optimizing operation is finished, the 
second optimizing request flag F2 is set to "1". Therefore, the second optimizing operation for the second layer is per- 
formed during the time that the reading out of pieces of information data (for example, audio or sound data or picture 
data) from the first layer of the disk 1 is temporarily stopped. Thereafter, the procedure proceeds to a step S9. In con- 

20 trast, in cases where the second optimizing request flag F2 is set to "1 " in the step S7, because the second optimizing 
operation for the second layer is finished, the procedure also proceeds to the step S9. 

In the step S9, a one track kick is performed. That is, the optica! pick-up 2 is moved by one track under control of 
the tracking and focus control circuit of the first control block 4, and the optical pick-up 2 is on standby for reading out 
piece of information data from another track of the first layer of the disk 1. Thereafter, in a step S10, it is judged by the 

25 third data volume judging unit 50 of the CPU 1 1 e whether or not a volume of the information data stored in the DRAM 
13 is equal to or less than a second predetermined value (for example, 20% of a data storage capacity of the DRAM 
13). In cases where a volume of the information data stored in the DRAM 13 is equal to or less than the second prede- 
termined value, the procedure returns to the step S5, and piece of information data recorded in another track of the first 
layer of the disk 1 is read out, and the information data is stored in the DRAM 13. In contrast, in cases where a volume 

30 of data stored in the DRAM 1 3 is more than the second predetermined value, the procedure returns to the step S7, and 
the standby condition of the optical pick-up 2 is continued until the volume of the information data stored in the DRAM 
13 becomes equal to or less than the second predetermined value. 

Accordingly, the second optimizing operation for the second layer is performed during a standby condition of the 
optical pick-up 2 in which any piece of information data is not read out from the disk 1 through the optical pick-up 2. In 

35 other words, the second optimizing operation for the second layer is performed during the time that the information data 
read out from the first layer of the disk 1 are time-expanded in the second control block 10 under the control of the con- 
trol unit 14 and are output as the reproduced signals to an external apparatus on condition that a volume of the data 
stored in the DRAM 13 ranges from the first predetermined value to the second predetermined value. Therefore, the 
reproducing operation of the information data stored in the first layer of the disk 1 is not substantially interrupted by the 

40 second optimizing operation. 

In contrast, in the step S4, in cases where the second request Y2 is detected by the CPU 1 1 e or any request is not 
detected, the procedure proceeds to a step S11 . In the step S1 1 , a second optimizing operation for the second layer of 
the disk 1 is performed under the control of the first control block 4. the servo circuit 1 0e and the second layer optimizing 
operation controlling unit 43 of the servo circuit 10e. When the second optimizing operation is finished, the second opti- 

45 mizing request flag F2 is set to "1". Thereafter, the optical pick-up 2 is moved to the inner track portion of the second 
layer of the disk 1 , table of contents (or TOC) recorded in the second layer of the disk 1 is read out, and the adjustment 
of a laser power and an initial set of the differential amplifiers 23F, 23T, 25F, 25T, 27F, 27T. 31 H and 31 L are performed 
according to the TOC (step S12). Also, a specific address is read out, and the optical pick-up 2 is moved to the specific 
address to perform the reproducing operation.. In cases where any table of contents (or TOC) is not recorded in the sec- 

so ond layer of the disk 1 , the step S1 2 is omitted. 

Thereafter, H is judged by the CPU 1 1 e whether or not the first request Y1 requesting the reproduction of informa- 
tion recorded in the first layer of the disk 1 or the second request Y2 requesting the reproduction of information recorded 
in the second layer of the disk 1 is input to the input unit 16 (step S13). In cases where the first request Y1 is detected, 
the steps S5 to S10 are performed. In contrast, the second request Y2 is detected, the procedure proceeds to a step 

55 S14. 

In the step S14, pieces of information data are read out from the second layer of the disk 1 one after another 
through the optical pick-up 2 under the control of the second reproducing operation controlling unit 45 and are transmit- 
ted to the DRAM 13 through the second control block 10 at the first data rate. Thereafter, the information data are read 
out from the DRAM 13 to the second control block 10 at the second data rate one after another, and the information 
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data are output from the second control block 1 0 as a plurality of reproduced signals in the same manner as in the step 
S5. 

Thereafter, in a step S15, it is judged by the second data volume judging unit 47 of the CPU 11 e whether or not a 
volume of the information data stored in the DRAM 13 is equal to or more than the first predetermined value, in the 

5 same manner as in the step S6. In cases where a volume of the information data stored in the DRAM 1 3 is less than 
the first predetermined value, the procedure returns to the step S14, and one or more pieces of information data 
recorded in the second layer of the disk 1 are read out and stored in the DRAM 13. In contrast, in cases where a volume 
of information data stored in the DRAM 13 is equal to or more than the first predetermined value, the optical pick-up 2 
is set to a standby conrftion by the fourth layer optimizing operation controlling unit 49 to temporarily stop the reading 

10 out of pieces of information data from the second layer, and the reading out of the information data stored in the DRAM 
13 is continued. Thereafter, it is judged by the CPU 1 1 e whether or not the first optimizing request flag F1 is set to "1 " 
(step S1 6). In cases where the first optimizing request flag F1 is set to "0", the first optimizing operation for the first layer 
is performed under control of the fourth layer optimizing operation controlling unit 49, the servo circuit 10e and the first 
control block 4 (a step SI 7). When the first optimizing operation is finished, the first optimizing request flag F1 is set to 

75 "1". Therefore, the first optimizing operation for the first layer is performed during the time that the reading out of pieces 
of information data (for example, audio or sound data or picture data) from the second layer of the disk 1 is temporarily 
stopped. Thereafter, the procedure proceeds to a step S18. In contrast, in cases where the first optimizing request flag 
F1 is set to "1" in the step S16, the procedure also proceeds to the step S18. In the step S18, a one track kick is per- 
formed in the same manner as in the step S9, and the optical pick-up 2 is on standby for reading out another piece of 

20 information data from the second layer of the disk 1 . Thereafter, in a step S19, it is judged by the third data volume judg- 
ing unit 50 of the CPU 1 1e whether or not a volume of the information data stored in the DRAM 13 is equal to or less 
than the second predetermined value. In cases where a volume of the information data stored in the DRAM 13 is equal 
to or less than the second predetermined value, the procedure returns to the step S1 4, and another piece of information 
data recorded in the second layer of the disk 1 is read out. and the information data is stored in the DRAM 13. In con- 

25 trast, in cases where a volume of the information data stored in the DRAM 13 is more than the second predetermined 
value, the procedure returns to the step S16. 

Accordingly, the first optimizing operation for the first layer is performed during a standby condition of the optical 
pick-up 2 in which any piece of information data is not read out from the 6econd layer of the disk 1 through the optical 
pick-up 2. In other words, the first optimizing operation for the first layer is performed during the time that the information 

30 data read out from the second layer of the disk 1 are time-expanded in the second control block 10 under the control of 
the control unit 14 and are output as the reproduced signals to an external apparatus on condition that a volume of the 
information data stored in the DRAM 13 ranges from the first predetermined value to the second predetermined value. 
Therefore, the reproducing operation of the information data stored in the second layer of the disk 1 is not substantially 
interrupted by the first optimizing operation: 

35 The optimizing operation performed in the beginning of the reproducing operation is described in Fig. 4. However, 
an optimizing operation performed in the beginning of a recording operation can be performed in the same manner. 
Next, the optimizing operation performed during a reproducing operation is described with reference to Fig. 5. 
As shown in Fig. 3, the CPU 1 1 e further comprises 

a first optimizing operation judging unit 56 for judging according to one or more measured temperatures meas- 

40 ured by the temperature sensor 20 whether or not a first optimizing operation for the first layer of the disk 1 is required 
in cases where it is judged by the reproduction request judging unit 41 that the first request is input to the input unit 16; 

a second optimizing operation judging unit 57 for judging according to one or more measured temperatures 
measured by the temperature sensor 20 whether or not a second optimizing operation for the second layer of the disk 
1 is required in cases where it is judged by the reproduction request judging unit 41 that the second request is input to 

45 the input unit 16; 

a first optimizing operation controlling unit 62 for controlling the servo circuit 1 0e and the optica) pick-up 2 to con- 
trol the first optimizing operation for the first layer of the disk 1 in cases where it is judged by the first data volume judging 
unit 46 that a volume of the information data stored in the DRAM 13 is equal to or more than the first predetermined 
value and it is judged by the first optimizing operation judging unit 56 that the first optimizing operation for the first layer 
so of the disk 1 is required; 

a second optimizing operation controlling unit 63 for controlling the servo circuit 10e and the optical pick-up 2 to 
control the second optimizing operation for the second layer of the disk 1 in cases where the first optimizing operation 
is performed under the control of the first optimizing operation controlling unit 62; 

a third optimizing operation controlling unit 64 for controlling the servo circuit 10e and the optical pick-up 2 to con- 
55 trol the second optimizing operation for the second layer of the disk 1 in cases where it is judged by the second data 
volume judging unit 47 that a volume of the information data stored in the DRAM 13 is equal to or more than the first 
predetermined value and it is judged by the second optimizing operation judging unit 57 that the second optimizing 
operation for the second layer of the disk 1 is required; and 

a fourth optimizing operation controlling unit 65 for controlling the servo circuit 10e and the optical pick-up 2 to 
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control the first optimizing operation for the first layer of the disk 1 in cases where the second optimizing operation is 
performed under the control of the second optimizing operation controlling unit 64. 

Fig. 5 is a flow chart showing the procedure of an optimizing operation which is required during a reproducing oper- 
ation performed in the apparatus 32. 

5 The ambient atmosphere temperature around the disk 1 is always measured by the temperature sensor 20 on real 

time, and a measured temperature is written in the RAM 1 1c on every measuring time. Each of the measured temper- 
atures is compared with a reference temperature, or a current measured temperature is compared with a previous 
measured temperature. The comparison of the measured temperatures is performed under the control of the CPU 1 1 e. 
In cases where a measured temperature detected by the temperature sensor 20 exceeds the reference temperature or 

10 a difference between current and previous measured temperatures is larger than a prescribed value, an optimizing 
operation is requested by the CPU 1 1e. 

As shown in Fig. 5, in a step S20, it is judged by the reproduction request judging unit 41 of the CPU 1 1 e whether 
or not a first request Y1 requesting the reproduction of information recorded in a first layer of the disk 1 or a second 
request Y2 requesting the reproduction of information recorded in a second layer of the disk 1 is input to the input unit 

15 16. 

In cases where the first request Y1 is detected, the step S5 is performed in the same manner under the control of 
the first reproducing operation controlling unit 44 of the CPU 1 1e, the servo circuit 10e and the first control block 4. and 
the step S6 is performed under the control of the first data volume judging unit 46. Thereafter, in cases where it is 
judged in the step S6 that the volume of information data stored in the DRAM 13 is enough, the optical pick-up 2 is set 
20 to a standby condition to temporarily stop the reading out of the information data from the first layer of the disk 1 . and 
the judgement whether or not a first optimizing operation for the first layer is required is performed by the first optimizing 
operation judging unit 56 of the CPU 1 1e according to one or more measured temperatures measured by the temper- 
ature sensor 20 (step S21). In cases where a measured temperature detected by the temperature sensor 20 exceeds 
a reference temperature or a difference between current and previous measured temperatures is larger than a pre- 
ss scribed value, the first optimizing operation is required, and the procedure proceeds to a step S22. In the step S22, the 
first optimizing operation is performed under the control of the first optimizing operation controlling unit 62 of the CPU 
1 1 e. a first optimizing request flag F1 is set to "1 a second optimizing request flag F2 is set to "0", and the steps S7 to 
S9 are performed in the same manner. In this case, because the second optimizing request flag F2 is set to "0" after 
the first optimizing operation, the second optimizing operation is performed in the step S8 under the control of the sec- 
30 ond optimizing operation controlling unit 63 of the CPU 1 1 e. In contrast, in cases where the first optimizing operation is 
not required in the step S21 , the steps S7 to S9 are performed. Thereafter, in a step S23, it is again judged by the CPU 
l ie whether or not the first request Y1 is input to the input unit 16. In cases where the first request Y1 is detected, the 
step S10 is performed in the same manner by the third data volume judging unit 50, and the procedure returns to the 
stepS5orS21. 

35 Therefore, in cases where the ambient atmosphere temperature around the disk 1 abruptly changes during the 
reproducing operation for the information data recorded in the first layer of the disk 1, it is judged in the step S21 that 
the first optimizing operation is required, the first optimizing operation is performed in the step S22, and the second opti- 
mizing operation is performed in the step S8. 

In contrast, in cases where the second request Y2 is detected in the step S23, the steps S14 and SI 5 are per- 

40 formed in the same manner. Also, in cases where the second request Y2 is detected in the step S20. the step S14 is 
performed in the same manner under the control of the first reproducing operation controlling unit 44 of the CPU 1 1e. 
the servo circuit 10e and the first control block 4. and the step S15 is performed under the control of the second data 
volume judging unit 47. Thereafter, in a step S24, the judgement whether or not a second optimizing operation for the 
second layer is required is performed by the second optimizing operation judging unit 57 of the CPU 11 e according to 

45 one or more measured temperatures measured by the temperature sensor 20. In cases where the second optimizing 
operation is required, the procedure proceeds to a step S25. In the step S25. the second optimizing operation is per- 
formed under the control of the second optimizing operation controlling unit 64 of the CPU 1 1e, the second optimizing 
request flag F2 is set to "1 the first optimizing request flag F1 is set to "0", and the steps S1 6 to S1 8 are performed in 
the same manner. In this case, because the first optimizing request flag F1 is set to "0" after the second optimizing oper- 

50 ation, the first optimizing operation is performed in the step S1 7 under the control of the fourth optimizing operation con- 
trolling unit 65 of the CPU 1 1e. In contrast, in cases where the second optimizing operation is not required, the steps 
S16 to S18 are performed. Thereafter, in a step S26, it is again judged by the CPU 11e whether or not the second 
request Y2 is input to the input unit 16. In cases where the second request Y2 is detected, the step S19 is performed 
in the same manner by the third data volume judging unit 50, and the procedure returns to the step S1 4 or S24. 

55 Therefore, in cases where the ambient atmosphere temperature around the disk 1 abruptly changes during the 
reproducing operation for the information data recorded in the second layer of the disk 1 , it is judged in the step S24 
that the second optimizing operation is required, the second optimizing operation is performed in the step S25, and the 
first optimizing operation is performed in the step S17. 
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Accordingly, the first and second optimizing operations for the first and second layers are performed during a 
standby condition of the optical pick-up 2 in which any piece of information data is not read out from the disk 1 through 
the optical pick-up 2 in the middle of the producing operation. Therefore, the reproducing operation of the information 
data performed by the apparatus 32 is not substantially interrupted by the first and second optimizing operations. 
5 In the apparatus 32, the first and second optimizing operations are performed according to the procedure shown in 

Figs. 4 and 6. Therefore, the first and second optimizing operations can be performed during the reproducing operation 
and at the beginning of the reproducing operation. 

Fig. 6 shows a timing chart of a volume of data stored in the DRAM 1 3. optical pick-up conditions, the transmission 
of pieces of reproduced signals, and temperatures measured by the temperature sensor 20. 
10 As shown in Fig: 6, when the operation of the apparatus 32 is started (elapsed time TO), the optica] pick-up 2 is set 
in a first layer optimization condition, and the first optimizing operation is. for example, performed (step S2 in Fig. 4) 
before the reproducing operation. Thereafter, the optical pick-up 2 is set in a disk reproduction condition (elapsed time 
T1), and pieces of information data recorded in the first layer of the disk 2 are read out Therefore, a volume of data 
remaining in the DRAM 13 is gradually increased, and the transmission of pieces of reproduced signals from the see- 
rs ond control block 10 to a speaker or a display is started. Also, ambient temperature around the disk 1 is gradually 
increased because of the operation of the apparatus 32. When a volume of data remaining in the DRAM 13 reaches 
the first predetermined value such as 80% of a full capacity of the DRAM 13 (elapsed time T2), the reading of the infor- 
mation data from the disk 1 is stopped, the optical pick-up 2 is set in a second layer optimization condition, and a second 
optimizing operation is performed (step S8 in Hg. 4). In this case, the transmission of pieces of reproduced signals is 
20 continued to decrease the volume of data remaining in the DRAM 1 3. When the volume of data remaining in the DRAM 
1 3 decreased to the second predetermined value such as 20% of a full capacity of the DRAM 1 3 (elapsed time T3). the 
optical pick-up 2 is again set in the disk reproduction condition, and the reading of the information data from the disk 1 
is started again. 

Thereafter, for example, when a difference between a starting temperature (-30°C) and a current temperature 
25 exceeds 30 6 C during the first reproducing operation (elapsed time T4), the reading of the information data from the fast 
layer of the disk 1 is stopped, the optical pick-up 2 is again set in the first layer optimization condition, and the first opti- 
mizing operation is performed (step S22 in Hg. 5). Thereafter, the optical pick-up 2 is again set in the second layer opti- 
mization condition (elapsed time T5). and the second optimizing operation is performed (step S8 in Fig. 5). 

Next, a DVD type optical disk recording and/or reproducing apparatus according to a second embodiment is 
30 described. 

Fig. 7 is a block diagram of a DVD type optical disk recording and/or reproducing apparatus according to a second 
embodiment of the present invention. 

As shown in Fig. 7. a DVD type optical disk recording and/or reproducing apparatus 81 comprises the optical pick- 
up 2, the spindle motor 3, the first control block 4, the weight unit 5. the traverse motor 6, the head amplifier 8, the pre- 
ss amplifier 9, the microcomputer 1 1 , the LPF 12, the DRAM 13, the compression and expansion control unit 14, the input- 
ting unit 16, the displaying unit 18, and a second control block 82. The second control block 82 comprises the variable 
speed transmission controller 10a, the memory controller 10b, the EFM modulation-demodulation circuit 10c. the error 
correcting circuit 10d, the servo circuit 10e, an error counting unit 83 for counting the number of erred signals which are 
corrected to a plurality of reproduced signals in the reproducing operation by the error correcting circuit 1 0d, and a com- 
40 paring unit 84 for comparing the number of erred signals calculated by the error counting unit 83 with a reference 
number. 

In the above configuration, any working circumstance condition measuring unit such as a temperature sensor is not 
provided for the DVD type optical disk recording and/or reproducing apparatus 81 , but the error counting unit 83 and the 
comparing unit 84 are added in the second embodiment as compared with the apparatus 32. 

45 A block of information data read out from the disk 1 is demodulated by the EFM modulation-demodulation circuit 
10c of the second control block 82 for each of the reading operations and is checked by the error correcting circuit 10d 
of the second control block 82 whether or not each of the information data is demodulated to an erred signal. Each of 
the erred signal is corrected to a produced signal by the error correcting circuit 10d. In cases where the change of a 
physical condition of the working circumstances around the disk 1 exceeds a permissible degree, the number of erred 

so signals for one block of information data is abruptly increased. Therefore, the number of erred signals occurring in the 
second control unit 82 is counted by the error counting unit 83, and the number of erred signals counted is compared 
with a prescribed number by the comparing unit 84. In cases where the number of erred signals counted is equal to or 
more than the prescribed number, it is judged by a third (or fourth) optimizing operation judging unit 67 (or 68) of the 
CPU 1 1 e that the change of a physical condition of the working circumstances around the disk 1 exceeds a permissible 

55 degree. Therefore, the reproducing operation performed in the apparatus 81 is stopped, and the first and second opti- 
mizing operations are performed under the control of the first and second optimizing operation controlling units 62 and 
63 (or the third and fourth optimizing operation controlling units 64 and 65). 
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Accordingly, even though any working circumstance condition measuring unit such as a temperature sensor is not 
provided, an unacceptable change of a physical condition of the working circumstances around the disk 1 can be relia- 
bly detected, and the first and second optimizing operations can be rapidly performed. 

Fig. 8 shows a timing chart of a volume of data stored in the DRAM 13, optical pick-up conditions, the transmission 
s of pieces of reproduced signals and the number of erred signals counted by the error counting unit 83 according to the 
second embodiment. 

As shown in Fig. 8, the first and second optimizing operations are performed at the beginning of the reproducing 
operation in the apparatus 81 in the same manner as in the apparatus 32. When it is judged by the CPU 1 1 e that the 
number of erred signals occurring in the second control block 82 is equal to or more than the prescribed number 
10 (elapsed time T7), the reading of the information data from the first layer of the disk 1 is stopped, the optical pick-up 2 
is again set in the first layer optimization condition, and the first optimizing operation is performed (step S22 in Fig. 5). 
Thereafter, the optical pick-up 2 is again set in the second layer optimization condition (elapsed time T8). and the sec- 
ond optimizing operation is performed (step S8 in Fig. 5). 

The error counting unit 83 can be embodied by a C1 or C2 type of error counter or a C1 , C2 or C3 type of error 
is counter (in case of a DVD-ROM or CD ROM). Also, the microcomputer 1 1 can function as the error counting unit 83 in 
software technique. Also, it is applicable that an error counting unit and a comparing unit be placed in the error correct- 
ing circuit 10d. Also, the microcomputer 1 1 can function as the comparing unit 84 in software technique. 

Next, a DVD type optical disk recording and/or reproducing apparatus according to a third embodiment is 
described. 

20 As shown in Fig. 3, the CPU 11 e further comprises a third reproducing operation controlling unit 69 for controlling 
the servo circuit 10e to operate a first reproducing operation in which the information data just read out from the first 
layer of the disk 1 are again read out and reproduced as a plurality of corrected reproduced signals in cases where the 
first and second optimizing operations are performed under the control of the first and second optimizing operation con- 
trolling units 62 and 63, and a fourth reproducing operation controlling unit 70 for controlling the servo circuit 10e to 

25 operate a second reproducing operation in which the information data just read out from the second layer of the disk 1 
are again read out and reproduced as a plurality of reproduced signals in cases where the first and second optimizing 
operations are performed under the control of the third and fourth optimizing operation controlling units 64 and 65. 

Fig. 9 is a flow chart showing the procedure of an optimizing operation performed during a reproducing operation 
according to the third embodiment 

30 As shown in Fig. 9, after the steps S20, S5 and S6 (or S14) are performed in the same manner as in the first 
embodiment, H is judged by the third (or fourth) optimizing operation judging unit 67 (or 68) according to a compared 
result of the comparing unit 84 whether or not a first (or second) optimizing operation for the first (or second) layer of 
the disk 1 is required, in the same manner as in the second embodiment (step S21 or S24). In cases where the number 
of erred signals compared by the comparing unit 84 is equal to or larger than the reference number, the steps S22, S7 

35 and S8 (or S25, S16 and S1 7) are performed in the same manner as in the first and second embodiments. Thereafter, 
the information data just read out from the first (or second) layer of the disk 1 are again read out and reproduced as a 
plurality of corrected reproduced signals under the control of the third (or fourth) reproducing operation controlling unit 
69 or 70 (step S27 or S29), and it is judged by the third (or fourth) optimizing operation judging unit 67 (or 68) according 
to a compared result of the comparing unit 84 whether or not a first (or second) optimizing operation for the first (or sec- 

40 ond) layer of the disk 1 is required (step S28 or S30). That is. it is judged in the step S28 (or S30) whether or not the 
number of erred signals is reduced to a value lower than the reference number by performing the first (or second) opti- 
mizing operation in the step S22 (or S25). 

In cases where the number of erred signals becomes lower than the reference number, it is judged by the unit 67 
(or 68) that the first (or second) optimizing operation is effective for a DVD type optical disk recording and/or reproducing 

45 apparatus according to the third embodiment. Therefore, the judgement based on the number of erred signals is con- 
tinued in the apparatus. In contrast, in cases where the number of erred signals is still equal to or more than the refer- 
ence number, it is judged by the unit 67 (or 68) that the first (or second) optimizing operation is noneffective for the 
apparatus, and the first (or second) optimizing operation is stopped. That is. in cases where the number of erred signals 
is not effectively reduced even though the first (or second) optimizing operation is performed, there is high possibility 

so that the disk 1 is considerably degraded, the optical pick-up 2 is covered with dust, or a circumstance condition such as 
temperature or humidity is out of a working range. In this case, the performance of the first (or second) optimizing oper- 
ation is useless. Therefore, it is preferred that an alarm signal be transmitted from the microcomputer 11 to the display- 
ing unit 18 to warn a user. 

Next a DVD type optical disk recording and/or reproducing apparatus according to a fourth embodiment is 
55 described. 

As shown in Fig. 3, the CPU 1 1e further comprises a time interval detecting unit 71 for detecting a predetermined 
time interval, a first optimizing operation requesting unit 72 for requesting the performance of the first optimizing oper- 
ation on every predetermined time interval detected by the time interval detecting unit 71 in cases where it ts judged by 
the reproduction request judging unit 41 that the first request is input to the input unit 1 6, and a second optimizing oper- 
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ation requesting unit 73 for requesting the performance of the second optimizing operation on every predetermined time 
interval detected by the time interval detecting unit 71 in cases where it is judged by the reproduction request judging 
unit 41 that the second request is input to the input unit 16. 

In the above configuration, because circumference conditions of a DVD type optical disk recording and/or reproduc- 
5 ing apparatus changes with time, a detecting signal is transmitted to the requesting units 72 and 73 on every predeter- 
mined time interval by the time interval detecting unit 71 , a first optimizing operation for the first layer of the disk 1 is 
performed on every predetermined time under control of the requesting unit 72. and a second optimizing operation for 
the second layer of the disk 1 is performed on every predetermined time under control of the requesting unit 73. 

Therefore, even though any working circumstance condition measuring unit such as a temperature sensor or any 
10 error counting unit is not provided for the apparatus, the apparatus can be always operated in the optimized conditions. 
Also, because the optimizing operation is performed on every predetermined time interval under the control of the 
microcomputer 1 1 , the apparatus can be manufactured at the lowest cost. 

Next, the optimizing operation performed during a recording operation is described with reference to Fig. 10 
according to a fifth embodiment. 
is Fig. 10 is a flow chart showing the procedure of an optimizing operation which is required during a recording oper- 
ation performed in the apparatus 32. 

In cases where a measured temperature detected by the temperature sensor 20 exceeds a reference temperature 
or a difference between current and previous measured temperatures is larger than a prescribed value, an optimizing 
operation is requested by the CPU 1 1 e. 
20 As shown in Fig. 10, in a step S40, it is judged by the CPU 1 1e whether or not a first request Y1 requesting the 
recording of information to a first layer of the disk 1 or a second request Y2 requesting the recording of information to a 
second layer of the disk 1 is input to the input unit 16. 

In cases where the first request Y1 is detected, pieces of recording information are transmitted one after another 
from an external apparatus to the second control block 10, and the recording information are temporarily stored in the 
25 DRAM 13 under the control of the memory controller 10b (step S41). Thereafter, it is judged by the CPU 1 1 e whether 
or not a volume of data stored in the DRAM 13 is equal to or more than a first predetermined value (step S42). 

In cases where the volume of data is equal to or more than the first predetermined value, it is judged that the vol- 
ume of data stored in the DRAM 13 is enough, and a recording operation is performed (step S43) while reading out the 
recording information stored in the DRAM 13. During the recording operation, it is judged by the CPU 1 1e whether or 
30 not a volume of data stored in the DRAM 1 3 is equal to or less than a second predetermined value (step S44). The sec- 
ond predetermined value is lower than the first predetermined value. In cases where the volume of data is more than 
the second predetermined value, the transmission of the recording information from the external apparatus to the 
DRAM 13 is continued in the step S41 . and the recording operation is continued. In contrast, in cases where the volume 
of data is equal to or less than the second predetermined value in the step S44, it is judged that all of the recording infor- 
35 mation transmitted from the external apparatus are read out from the DRAM 13 and are recorded in the first layer of the 
disk 1 , the recording operation is stopped (step S45), and the procedure returns to the step S40. 

In contrast, in cases where the volume of data is smaller than the first predetermined value in the step S42, it is 
required to increase the volume of data stored in the DRAM 13, and the optical pick-up 2 is set to a standby condition. 
Therefore, the recording operation is temporarily stopped, and the judgement whether or not a first optimizing operation 
40 for the first layer is required is performed by the CPU 1 1 e (step S46) in the same manner as in the step S21 of Fig. 5. 
In cases where the first optimizing operation is required, the first optimizing operation is performed, the first optimizing 
request flag F1 is set to T, the second optimizing request flag F2 is set to "0" (step S47), and the procedure proceeds 
to a step S48. In the step S48, it is judged by the CPU 1 1 e whether or not the second optimizing request flag F2 is set 
to "1". In cases where the first optimizing operation is performed in the step S47, a second optimizing operation is per- 
45 formed because the second optimizing request flag F2 is set to "0" in the step S47, the second optimizing request flag 
F2 is set to T (step S49), and the procedure proceeds to a step S50. In contrast, in cases where the first optimizing 
operation is not required in the step S46, the procedure proceeds to the step S48, it is judged that the second optimizing 
request flag F2 is set to "0", and the procedure proceeds to the step S50 without performing the first or second optimiz- 
ing operation. In the step S50, a track-kick is performed in the same manner as in the step S9 of Figs. 4 and 9, and the 
so procedure returns to the step S42. 

In contrast, in cases where the second request Y2 is detected in the step S40, steps S51 to S60 are performed in 
the same manner as in the steps S41 to S50 to record pieces of recording information to the second layer and perform 
the first and second optimizing operations. 

Accordingly, the first and second optimizing operations for the first and second layers can be performed during a 
55 standby condition of the optical pick-up 2 in which any piece of information data is not recorded in the disk 1 by the opti- 
cal pick-up 2 in the middle of the recording operation. Therefore, the recording operation for the recording information 
performed by the apparatus 32 is not interrupted by the first and second optimizing operations. 
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Fig. 1 1 shows a timing chart of a volume of data stored in the DRAM 1 3 in the recording operation, optical pick-up 
conditions, the transmission of pieces of recording information, and temperatures measured by the temperature sensor 
20. 

As shown in Fig. 1 1 , when the recording operation for recorcfing pieces of recording information in the first (or sec- 

s ond) layer of the disk 1 is started (elapsed time TO), the transmission of pieces of recording information from an external 
apparatus to the DRAM 13 through the second control block 10 is started, the optical pick-up 2 is set in a optimization 
condition, and the first and second (or second and first) optimizing operations are performed in that order (steps S47 
and S49 or steps S57 and S59). Also, ambient temperature around the disk 1 is gradually increased because of the 
operation of the apparatus 32. Thereafter, when the volume of recording information. stored in the DRAM 13 reaches 

10 the first predetermined value (elapsed time T1), the optical pick-up 2 is set in a recording condition, pieces of recording 
information are written in the disk 1, and the volume of recording information stored in the DRAM 13 is gradually 
decreased. Thereafter, for example, when a difference between a starting temperature (-30°C) and a current tempera- 
ture exceeds 30°C during the recording operation (elapsed time T2), the recording of the recording information is tem- 
porarily stopped, the optical pick-up 2 is again set in the optimization condition, and the first and second (or second and 

is first) optimizing operations are performed in that order. Thereafter, when the volume of recording information stored in 
the DRAM 13 reaches the first predetermined value, the optical pick-up 2 is again set in the recording condition, and 
pieces of recording information are written in the disk 1. 

In the first to fifth embodiment, the optical disk 1 has two or more layers. However, the present invention can be 
applied for an optical mini-disk having a single layer. The optimizing operation performed in a reproducing operation for 

20 the optical mini-disk is described with reference to Fig. 12 according to a sixth embodiment 

Fig. 12A is a flow chart showing the procedure of an optimizing operation which is required for an optical mini-disk 
having only a first layer in a reproducing operation performed in the apparatus 32. 

For example, when an electric source for the apparatus 32 is switched on and the disk 1 is set in the apparatus 32, 
an optimizing operation shown in Fig. 1 2 A is started. In a step 61 , it is judged by a mode judging unit of the CPU 1 1 e 

26 whether or not a request input to the input unit 16 is a recording mode for requesting a recording operation or a repro- 
ducing mode for requesting a reproducing operation. In cases where the reproducing mode is detected, an optimizing 
operation for the first layer of the optical mini-disk is performed in the steps S2 and S3 at the beginning of the reproduc- 
ing operation. Thereafter, the optimizing operation is again performed during the reproducing operation in the steps S5, 
S6, S21 , S22, S9 and S10 when the optimizing operation is required. 

30 Therefore, the optimizing operation can be performed without interrupting the reproducing operation, in the same 
manner as in the first embodiment 

Also, the optimizing operation for the optical mini-disk having a single layer in a recording operation is performed 
as shown in Fig. 12B. 

Next, the optimizing operation representing the first and second optimizing operations performed in the producing 
35 and recording operations (the steps S2, S8, S1 1 1. S17, S22, S25, S47, S49, S57 and S59) of the first to sixth embodi- 
ments is described in detail. 

In cases where the first (or second) optimizing operation for the first (or second) layer of the disk 1 is performed 
during the reproducing (or recording) operation for the first (or second) layer of the disk 1 (step S22. S25, S47 and S57), 
a photo-spot of a laser beam formed on the first (or second) layer by the optical pick-up 2 is not moved, or the photo- 

40 spot is moved to the innermost track (or TOC region) of the first (or second) layer in which table of contents (or TOC) is 
recorded. Also, in cases where the first (or second) optimizing operation for the first (or second) layer of the disk 1 is 
performed during the reproducing (or recording) operation for the second (or first) layer of the disk 1 (step S8. S1 7. S49 
and S59), the optical pick-up 2 by which a photo-spot of a laser beam is converged on the second (or first) layer is con- 
trolled, and the photo-spot is moved in a direction perpendicular to the disk 1 to place the photo-spot on the first (or sec- 

45 ond) layer or the photo-spot is moved to the innermost track (or a TOC region) of the first (or second) layer in which table 
of contents (or TOC) is recorded. In the optimizing operation, one of the offset, the balance and the gain in the tracking 
control is at least adjusted, and one of the offset, the balance and the gain in the focus control is at least adjusted. How- 
ever, it is preferred that ail of the offset, the balance and the gain in the focus and tracking controls be adjusted 

In a recording or reproducing operation, a phase lock loop (PLL) circuit of the servo circuit 1 0e of the second control 

so block 10 is operated to perform a feed-back control of the rotation of the disk 1 rotated by the spindle motor 3 through 
the first control block 4. 

In contrast in the optimizing operation, the operation of the PLL circuit is stopped, a fixed value is transmitted from 
the servo circuit 1 0e to the first control block 4, and the spindle motor 3 is rotated by a prescribed rotational speed. Also, 
the servo control for the tracking and focus control operations is set to an "off" condition to be stopped, a laser power 
55 control signal is transmitted from the microcomputer 1 1 to the laser diode LD of the optical pick-up 2 through the laser 
power control circuit 22, and a power of the laser diode LD is set to zero. In the above condition of the DVD type optical 
disk recording and/or reproducing apparatus 32 or 81 . the tracking error signal TEO and the focus error signal FEO gen- 
erated in the pre-amplifier 9 are transmitted to the CPU 1 1 e of the microcomputer 1 1 through the A/D converter 11a, 
and electric voltage values of the error signals TEO and FEO are measured. Thereafter, a piece of tracking offset con- 
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trol data and a piece of focus offset control data are transmitted from the microcomputer 1 1 to the microcomputer data 
interface 36 to output a tracking offset signal TOFS and a focus offset signal FOFS from the microcomputer data inter- 
face 36 to the variable resisting elements 28F and 28T for the purpose of setting differences between a reference volt- 
age Vref and the electric voltage values of the error signals TEO and FEO at zero. Thereafter, the laser diode LD is 

5 operated, the servo control for the tracking and focus control operations is set to an "on" condition to be operated, an 
EFM envelope signal EFMENV of the envelope detecting circuit 21a is transmitted to the CPU 11e of the microcom- 
puter 1 1 through the A/D converter 11a, and a voltage value of the EFM envelope signal EFMENV is measured for the 
purpose of adjusting a focus balance. Thereafter, the optical pick-up 2 is controlled according to the voltage value of the 
EFM envelope signal EFMENV to move a focus point (or a photo-spot) of a laser beam in an optical axis direction per- * 

10 pendicular to a disk surface. In detail, a piece of focus balance control data is transmitted from the microcomputer 1 1 
to the microcomputer data interface 36 to output a focus balance signal FBAL from the microcomputer data interface 
36 to the variable resisting elements 24F1 and 24F2 for the purpose of setting the focus point at an optimum position 
at which an amplitude of the EFM signal is, for example, maximized. Thereafter, a tracking servo control is set to an "off 
condition to be stopped for the purpose of adjusting a tracking balance, a tracking enror signal TEO generated in the 

is pre-amplifier 9 is transmitted to the CPU 1 1 e of the microcomputer 1 1 through the A/D converter 1 1a. and upper and 
lower peak voltage values of the tracking error signal TEO are measured in the CPU 1 1 e. Thereafter, a piece of tracking 
balance control data is transmitted from the microcomputer 1 1 to the microcomputer data interface 36 to output a track- 
ing balance signal TBAL from the microcomputer data interface 36 to the variable resisting elements 24T1 and 24T2 for 
the purpose of equalizing the upper and lower peak voltage values of the tracking error signal TEO. Also, a piece of 

20 tracking gain data is transmitted from the microcomputer 11 to the microcomputer data interface 36 according to the 
upper and lower peak voltage values to output a tracking gain signal TG from the microcomputer data interface 36 to 
the variable resisting element 26T for the purpose of controlling a tracking gain. After the tracking servo in the servo 
circuit 10e is restarted, a gain of the EFM signal output from the reproduced information signal outputting circuit 21 is 
appropriately adjusted according to the EFM envelope signal EFMENVEFM output from the envelope detecting circuit 

25 21a. Also, a piece of focus gain data is transmitted from the microcomputer 1 1 to the microcomputer data interface 36 
according to upper and lower peak voltage values of the focus error signal FEO to output a focus gain signal FG from 
the microcomputer data interface 36 to the variable resisting element 26 F for the purpose of controlling a focus gain. 

Next, a first example of the optimizing operation for adjusting the balance and offset of the tracking error signal TEO 
is described with reference to Figs. 13A and 13B and Fig. 14. 

30 Figs. 13A and 13B show a track-jump of a laser beam from a track to another track in a first example, and Fig. 14 
(or a group of Figs. 14{a) to 14(f)) is a timing chart of an adjusting operation in which the balance and offset of the track- 
ing enror signal TEO are adjusted in the first example. 

As shown in Figs. 13A and 13B, a photo-spot of the laser beam focused on a first track is moved to a second track 
adjacent to a minus side (or an inner direction of the disk 1) of the first track in a first step. That is, a photo-spot of the 

35 laser beam is moved from the first track to the second track placed on a minus side. Also, a photo-spot of the laser beam 
is moved from the second track to the first track placed on a plus side in a second step, a photo-spot of the laser beam 
is moved from the first track to a third track placed on the plus side in a third step, and a photo-spot of the laser beam 
is moved from the third track to the first track placed on the minus side in a fourth step. Here, a symbol "n^" denotes a 
center of the second track, a symbol "n" denotes a center of the first track, a symbol n n+2 n denotes a center of the third 

40 track a symbol "n-1 " denotes an intermediate position between the first and second tracks, and a symbol "n+1 * denotes 
an intermediate position between the first and third tracks. Also, solid and broken curved lines indicate sine waves of a 
tracking enror signal TEO having polarities opposite to each other, and a wavelength of each sine wave corresponds to 
a tracking error signal TEO for one track. Also, the tracking error signal TEO is adjusted by the servo control circuit 10e 
to set a decreasing voltage of the tracking error signal TEO indicated by the solid line to the reference voltage Vref at 

45 the center of each track. 

As shown in Fig. 14, the tracking offset signal TOFS produced in the microcomputer data interface 36 is adjusted 
by the microcomputer 1 1 to equalize a difference voltage Ve-Vf obtained by subtracting a voltage Vf of the tracking error 
detecting signal Sf from a voltage Ve of the tracking error detecting signal Se with the reference voltage Vref. Thereafter, 
the tracking gain signal TG produced in the microcomputer data interface 36 is adjusted by using the adjusted tracking 

so offset signal TOFS to set a difference voltage between the voltage Ve-Vf and the reference voltage Vref to a predeter- 
mined value. Thereafter, a focus servo of the servo circuit 1 0e is continuously set to the 'on n condition by the microcom- 
puter 1 1 , and polarities of the tracking error detecting signals Se and Sf are respectively fixed to a positive side by the 
polarity change-over circuit 29 under the control of the microcomputer 11 (refer to Fig. 14(b)). Also, a current flowing 
through a focus actuating coil of the optical pick-up 2 is directed in a minus direction according to a minus-sided access 

55 signal in the first step to move the photo-spot of the laser beam to the minus side, the current is directed in a plus direc- 
tion according to a plus-sided access signal in the second step to move the photo-spot of the laser beam to the plus 
side, the current is directed in the plus direction according to a plus-sided access signal in the third step, and the current 
is directed in the minus direction according to a minus-sided access signal in the fourth step (refer to Fig. 14(c)). In the 
first step, as shown in Figs. 14(a) and 14(d). after the tracking servo is set to the "on" condition by the microcomputer 
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1 1 on a tentative condition that positive and negative peak values of the tracking error signal TE do not agree with each 
other in case of the first track *n". the tracking servo is set to the "off" condition by the microcomputer 1 1, a track-jump 
from the first track "n" to the second track "n-2 n is performed by controlling the optical pick-up 2 under the control of the 
microcomputer 1 1 and the first control block 4, and the access signal for the first step is stopped in the middle of the 

s track-jump. Thereafter, when one of the track cross signals SH and SL produced by the differential amplifiers 31 H and 
31 L is detected by the microcomputer 1 1 (refer to Fig. 14(e), the tracking servo is again set to the "on" condition under 
the control of the microcomputer 1 1 (refer to Fig. 14(d)). Thereafter, the upper and lower peak voltages VH and VL of 
the tracking error signal TEO held by the peak hold circuit 30 are transmitted to the CPU 1 1 e through the A/D converter 
1 la (refer to Figs. 14(f) to 14(h), and the peak hold circuit 30 is reset (refer to Fig. 14(i)). 

10 In the same manner as in the first step, in each of the second, third and fourth steps, the tracking servo is set to the 
"off condition for each of the second, first and third tracks 'n-2 M , "n" and n n+2 n , the focus point (or photo-spot) of the 
laser beam is track-jumped by one track, and the access signal is stopped in the middle of the track-jump. Thereafter, 
when one of the track cross signals SH and SL is detected, the tracking servo is again set to the "on" condition, the 
upper and lower peak voltages VH and VL of the tracking error signal TEO held by the peak hold circuit 30 are trans- 

is mitted to the CPU 1 1 e through the A/D converter 1 1 a (refer to Figs 1 4(f) to 1 4(h). and the peak hold circuit 30 is reset 
(refer to Fig. 14(i)). Thereafter, upper peak voltages VH and lower peak voltages VL for a plurality of tracks ranging from 
several tracks to tens of tracks are transmitted to the CPU 1 1e in the same manner, an upper sum SVH of the upper 
peak voltages VH and a lower sum SVL of the lower peak voltages VL are calculated in the CPU 1 1e, a peak difference 
between the upper and lower sums SVH and SVL is calculated, and the tracking balance signal TBAL output from the 

20 microcomputer data interface 36 is adjusted by the microcomputer 1 1 to minimize the peak difference. 

Accordingly, because the servo control is set to the "on" condition when the focus point (or photo-spot) of the laser 
beam is track-jumped by one track on condition that the servo control is set to the "off" condition, an "off" period of the 
tracking servo is shortened. Therefore, even though an external shock occurs in the apparatus, a probability that the 
focus point (or photo-spot) of the laser beam is erroneously track-jumped to an undesired track can be prevented Also. 

25 an erroneous recording of information data can be prevented, and a time required to return from an erroneous track to 
a predetermined track can be shortened. In particular, in cases where a test-writing operation is performed by using a 
type of disk in which the number of test-tracks for the test-writing operation is low as the disk 1, a probability that the 
tracking error signal TEO is erroneously adjusted by radiating a laser beam having a high laser power for the test-writing 
operation to a track for the reading and writing operations can be reduced, and a probability that information data 

30 recorded in the tracks for the reading and writing operations is lost can be reduced. Also, even though the disk 1 is 
eccentrically rotated or the disk 1 is rotated while shaking its plane in cases where a shape of the disk 1 is not uniformly 
formed, because the upper and lower peak voltages VH and VL of the tracking error signal TEO are reliably and accu- 
rately held by the peak hold circuit 30, the reliability for the measured upper and lower peak voltages can be consider- 
ably improved. 

35 The optimizing operation is not limited to the above-described example. That is, the number of measuring opera- 
tions for measuring the upper and lower peak voltages VH and VL of the tracking error signal TEO held by the peak hold 
circuit 30 is not limited. Also, the number of tracks moved in one track-jump is not limited to one. Also, it is applicable 
that one of the upper and lower peak voltages VH and VL of the tracking error signal TEO be only held by the peak hold 
circuit 30 and another peak voltage be produced by inverting the held peak voltage. Also, it is applicable that a compos- 

40 ite signal produced from the track cross signals SH and SL be detected by the CPU 1 1 e. Also, ft is preferred that a plu- 
rality of A/D converting operations be repeatedly performed for the tracking error signal TEO by the A/D converter 11a 
to measure the upper and lower peak voltages VH and VL of the tracking error signal TEO without using the peak hold 
circuit 30. 

Next a second example of the optimizing operation for adjusting the balance and offset of the tracking error signal 
45 TEO is described with reference to Figs. 15A and 15B and Fig. 16. 

Figs. 15A and 15B show a track-jump of a laser beam from a track to another track in a second example, and Fig. 
16 (or a group of Figs. 16(a) to 16(0) is a timing chart of an adjusting operation in which the balance and offset of the 
tracking error signal TEO are adjusted in the second example. 

As shown in Figs. 15A and 15B, a photo-spot of the laser beam is track-jumped by a half-track for each of steps. 
so That is, the photo-spot is moved to the minus side in first and second steps, the photo-spot is moved to the plus side in 
third to sixth steps, and the photo-spot is moved to the minus side in seventh and eighth steps. 

In detail, as shown in Fig. 16, the focus servo is continuously set to the "on" condition (Fig. 16(d)). polarities of the 
tracking error detecting signals Se and Sf are changed over for each step by the polarity change-over circuit 29 accord- 
ing to the polarity selecting signal TESEL under the control of the microcomputer 1 1 (refer to Fig. 16(b)). Also, a current 
55 flowing through a focus actuating coil of the photo pick-up 2 is directed in a minus direction according to a minus-sided 
access signal in the first and second steps to move the photo-spot of the laser beam to the minus side by a half track, 
the current is directed in a plus direction according to a plus-sided access signal in the third to sixth steps to move the 
photo-spot of the laser beam to the plus side by a half-track, the current is directed in the minus direction according to 
a minus-sided access signal in the seventh and eighth steps (Fig. 16(c)). 
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In the first step, polarities of the tracking error detecting signals Se and Sf are set to a negative side (Fig. 16(b)), 
and the photo-spot of the laser beam is moved by a half track according to a minus-sided access signal (Fig. 16(c)). 
When a track cross signal SL is detected (Fig. 1 6(e)), a lower voltage VL held in the peak hold circuit 30 is transmitted 
to the CPU 11 e through the A/D converter 1 1 a (Figs. 1 6(g) and 1 6(h)), and the peak hold circuit 30 is reset (Fig. 1 6(0). 

5 In the second step, when a track cross signal SL is detected (Fig. 16(e)). a lower voltage VL held in the peak hold 

circuit 30 is transmitted to the CPU 1 1 e through the A/D converter 1 1 a (Figs. 1 6(g) and 1 6(h)) in the same manner as 
in the first step, and the peak hold circuit 30 is reset (Fig. 16(i)). In each of the third to sixth steps, when a track cross 
signal SH is detected (Fig. 16(e)). an upper voltage VH held in the peak hold circuit 30 is transmitted to the CPU 1 1e 
through the A/D converter 1 1a (Figs. 16(f) and 16(h)), and the peak hold circuit 30 is reset (Fig. 160)). In each of the 

10 seventh and eighth steps, when a track cross signal SL is detected (Fig. 16(e)), a lower voltage VL held in the peak hold 
circuit 30 is transmitted to the CPU 1 1e through the A/D converter 11a (Figs. 16(g) and 16(h)) in the same manner as 
in the first step, and the peak hold circuit 30 is reset (Fig. 16(i)). Thereafter, upper peak voltages VH and lower peak 
voltages VL for a plurality of tracks ranging from several tracks to tens of tracks are transmitted to the CPU 1 1 e in the 
same manner, an upper sum SVH of the upper peak voltages VH and a lower sum SVL of the lower peak voltages VL 

is are calculated in the CPU 1 1 e, a peak difference between the upper and lower sums SVH and SVL is calculated, and 
the tracking balance signal TBAL output from the microcomputer data interface 36 is adjusted by the microcomputer 1 1 
to minimize the peak difference. 

Accordingly, because the photo-spot of the laser beam is moved by a half track according to the access signal on 
condition that the track servo is set to the "on" condition without setting the track servo to the "off" condition, even 

20 though an external shock occurs in the apparatus, a probability that the photo-spot of the laser beam is erroneously 
track-jumped to an undesired track can be perfectly prevented. Also, an erroneous reproduction of information data can 
be perfectly prevented, and a time for returning from an erroneous track to a predetermined track is not required. 

In the above examples, a current flowing through the focus actuating coil can be directed in both plus and minus 
directions. However, it is applicable that the current flowing through the focus actuating coil be only directed in one 

25 direction and the photo pick-up 2 be moved in another direction by using a wind pressure caused by the rotation of the 
disk 1 or a power of a spring arranged in the optical pick-up 2. 

Also, the polarities of the tracking error detecting signals Se and Sf are changed over each time the photo-spot of 
the laser beam is moved by a half-track. However, in cases where a tracking error signal detecting method except for 
the three-beam method is adopted, it is applicable that the polarities be inverted by subdividing each step in depend- 

30 ence on the tracking direction. 

Next, another example of an offset control method for the tracking error signal TEO and the focus error signal FEO 
is described with reference to Fig. 1 7. 

Fig. 1 7 shows the change of an intensity of a laser beam reflecting on the disk 1 , voltages of the focus and tracking 
error signals FE and TE, voltages of the focus error detecting signals Sa to Sd and voltages of the tracking error detect- 
as ing signals Se and Sf with respect to a distance between the optical pick-up 2 and a recording layer nearer to a disk 
surface of the optical disk 1 . 

As shown in Fig. 1 7. as a focus current supplied to the optical pick-up 2 is increased, the optical pick-up 2 
approaches the optical disk 1 . A data recording plane denotes a recording layer nearer to a disk surface of the optical 
disk 1, and the reflection of the laser beam from other recording layers is omitted. In cases where an intensity of a 

40 reflecting laser beam obtained when the optical pick-up 2 is placed at a focusing position Z5 denotes a true offset based 
on circuits of the DVD type optical disk recording and/or reproducing apparatus 32 or 81 and an optical system com- 
posed of the apparatus 32 or 81 and the disk 1 , when an initial focusing position of the optical pick-up 2 is positioned at 
one of focusing positions Z0, Z1 and Z2, the true offset cannot be obtained. For example, in cases where the laser 
beam is initially focused on the focusing position Z1, signals existing in the disk surface are erroneously measured. 

45 Also, in cases where the optical pick-up 2 is initially placed at one of the focusing positions Z0, Z2 and Z4, the laser 
beam is erroneously focused on a portion placed in the neighborhood of the disk surface or a non-transparent portion 
surrounded by polycarbonate resin. Therefore, in nine operational examples described hereinafter, a focus current cor- 
responding to one of the focusing positions ZO, Z1 and Z2 is set as an initial focus current before the spindle motor 3 is 
operated, and the focus current flowing through a focus actuator coil of the optical pick-up 2 is gradually increased to 

so move the optical pick-up 2 toward the disk 1 . 

A first operational example of the offset control method for the tracking error signal TEO and the focus error signal 
FEO is described. 

In cases where any disk is not set in the apparatus 32 or 81 , no existence of the disk 1 is detected by a detecting 
signal output from a disk detecting switch (not shown), the optical pick-up 2 is initially placed at a focusing position 
55 selected from the positions ZO, Z1 and Z2, voltages of the focus error signal FEO and the tracking error signal TEO are 
measured by the CPU 11e, an offset table registered in the ROM 11d in advance is searched for a focus offset value 
and a tracking offset value corresponding to the measured voltages, and the focus and tracking offset values are output 
to the microcomputer data interface 36 through a D/A converter. 
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In contrast in cases where the disk 1 is set in the apparatus 32 or 81, it is regarded that an initial focusing position 
of the optical pick-up 2 is placed on the left side of the focusing position ZO in Fig. 1 7. In other words, it is regarded that 
an initial focusing position of the laser beam is placed far from the disk surface. Therefore, the focus current is increased 
step by step by increasing a drive voltage in a D/A converter (not shown) of the servo circuit 10e. and a voltage of the 

5 tracking error signal TEO is measured by the CPU 1 1 e each time the focus current is increased. Thereafter, when the 
voltage of the tracking error signal TEO exceeds a first predetermined threshold, it is judged by the CPU 1 1 e that a first 
peak of the intensity of the laser beam focused on the disk surface is detected, and a value of the drive voltage corre- 
sponding to the optica) pick-up 2 placed at the focusing position Z1 is stored in the RAM 11c as a first D/A value DA1. 
Thereafter, when the voltage of the tracking error signal TEO exceeds a second predetermined threshold^ it is judged 

10 by the CPU 11 e that a second peak of the intensity of the laser beam focused on a recording layer nearer to the disk 
surface is detected, and a value of the drive voltage corresponding to the optical pick-up 2 placed at a focusing position 
Z3 is stored in the RAM 1 1c as a second D/A value DA2. Thereafter, an average value (DA1+DA2)/2 is calculated in 
the CPU 1 1 e and is output to move the optical pick-up 2 to the focusing position Z4 placed at the midpoint of the focus- 
ing positions Z1 and Z3 according to the average value (DA1+DA2)/2 , and the offsets of the focus and tracking error 

is signals FE and TE are adjusted. That is. the adjustment of the offsets is performed by measuring voltages of the focus 
and tracking error signals FE and TE. voltages of the focus error detecting signals Sa to Sd and voltages of the tracking 
error detecting signals Se and Sf and outputting focus and tracking offset values stored in the ROM 1 1d to the micro- 
computer data interface 36 through the D/A converter to set the voltages to a reference voltage Vref. In this case, 
because a returning light component is included in a reflecting laser beam when the optical pick-up 2 is placed at the 

20 focusing position Z4. the intensity of the reflecting laser beam slightly differs from the true offset However, the differ- 
ence between the intensity of the reflecting laser beam and the true offset is within an allowable range. 

Next a second operational example of the offset control method is described. Because an operation performed in 
the apparatus 32 or 81 in case of no existence of the disk 1 is the same as in the f irst operational example, the descrip- 
tion of the operation is omitted. 

25 In cases where the disk 1 is set in the apparatus 32 or 81 , a value of the drive voltage corresponding to the optical 
pick-up 2 placed at the focusing position Z1 is stored in the RAM 1 1c as a first D/A value DA1 , and a value of the drive 
voltage corresponding to the optical pick-up 2 placed at the focusing position Z3 is stored in the RAM 1 1c as a second 
D/A value DA2 in the same manner as in the first operational example. Thereafter, a particular drive voltage 
DA2 + (DA2- DA 1)/2 is calculated by the CPU 1 1 e. a particular focus current corresponding to the particular drive volt- 

30 age is supplied to the optical pick-up 2 to move the optical pick-up 2 to a focusing position Z5. and offsets of the focus 
and tracking error signals FE and TE, the focus error detecting signals Sa to Sd and the tracking error detecting signals 
Se and Sf are adjusted to an intensity of the reflecting laser beam at the focusing position Z5. In this case, though a 
time for moving the optical pick-up 2 from the focusing position Z3 to the focusing position Z5 is required and the focus 
current is increased as compared with those in the first operational example, because the laser beam is not focused on 

35 anything, the offset adjustment can be accurately performed. 

Next, a third operational example of the offset control method is described. An operation performed in the appara- 
tus 32 or 81 in case of no existence of the disk 1 is the same as in the first operational example. 

In cases where the disk 1 is set in the apparatus 32 or 81 , the optical pick-up 2 is initially placed at an unspecified 
focusing position such as the focusing position ZO, Z1 or Z2. Therefore, the focus current is increased step by step by 

40 increasing a drive voltage in the D/A converter of the servo circuit 1 0e. and a voltage of the tracking error signal TEO is 
measured by the CPU 1 1 e each time the focus current is increased. Thereafter, when the voltage of the tracking error 
signal TEO exceeds a predetermined threshold, it is judged by the CPU 1 1e that a peak of the intensity of the laser 
beam focused on a recording layer nearer to the disk surface is detected, and a value of the drive voltage corresponding 
to the optical pick-up 2 placed at the focusing position Z3 is stored in the RAM 1 1 c as a first D/A value DA1 in the same 

45 manner as in the first operational example. Thereafter, a particular drive voltage DA1 + Da is calculated by the CPU 1 1 e 
by adding a constant offset Da (Da>0) to the first D/A value DA1 , a particular focus current corresponding to the partic- 
ular drive voltage is supplied to the optical pick-up 2 to move the optical pick-up 2 to the focusing position Z5, and offsets 
of the focus and tracking error signals FE and TE, the focus error detecting signals Sa to Sd and the tracking error 
detecting signals Se and Sf are adjusted to an intensity of the reflecting laser beam at the focusing position Z5. There- 

so fore, the offset adjustment can be accurately performed in the same manner as in the second operational example. 

Next, a fourth operational example of the offset control method is described. An operation performed in the appa- 
ratus 32 or 81 in case of no existence of the disk 1 is the same as in the first operational example. 

In cases where the disk 1 is set in the apparatus 32 or 81, the optical pick-up 2 is initially placed at an unspecified 
focusing position such as the position ZO, Z1 or Z2. Therefore, the focus current is increased step by step by increasing 

55 a drive voltage in the D/A converter of the servo circuit 1 0e, and a voltage of the tracking error signal TEO is measured 
by the CPU 1 1e each time the focus current is increased. Thereafter, when the voltage of the tracking error signal TEO 
exceeds a predetermined threshold, it is judged by the CPU 1 1 e that a peak of the intensity of the laser beam focused 
on a recording layer nearer to the disk surface is detected, and a value of the drive voltage corresponding to the optical 
pick-up 2 placed at the focusing position Z3 is stored in the RAM 1 1c as a first D/A value DA1 in the same manner as 
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in the first operational example. Thereafter, a particular drive voltage DA1 - Da is calculated by the CPU 1 1 e by adding 
a constant offset -Da (Da>0) to the first D/A value DA1 , a particular focus current corresponding to the particular drive 
voltage is supplied to the optical pick-up 2 to move the optical pick-up 2 to the focusing position Z4, and offsets of the 
focus and tracking error signals FE and TE, the focus error detecting signals Sa to Sd and the tracking error detecting 

5 signals Se and Sf are adjusted to an intensity of the reflecting laser beam at the focusing position Z4. Therefore, the 
adjustment of the offsets can be performed in the same manner as in the first operational example. 

Next, a fifth operational example of the offset control method is described- An operation performed in the apparatus 
32 or 81 in case of no existence of the disk 1 is the same as in the first operational example. 

. In cases where the disk .1 is set in the apparatus 32 or 81, the optical pick-up 2 is initially placed at an unspecified 

10 focusing position such as the focusing position Z0, Z1 or Z2. Therefore, the focus current is increased step by step by 
increasing a drive voltage in the D/A converter of the servo circuit 10e, and a voltage of the tracking enror signal TEO is 
measured by the CPU 1 1 e each time the focus current is increased. Thereafter, when the voltage of the tracking error 
signal TEO exceeds a predetermined threshold, it is judged by the CPU 11 e that the optical pick-up 2 is placed at the 
focusing position Z3 to focus the laser beam on the data recording plane. Thereafter, a focus servo performed by the 

is servo circuit 10e is set to the "on" condition under control of the microcomputer 1 1 to obtain the change of the voltage 
of the tracking error signal TE. That is, the voltage of the tracking error signal TE changes to draw an S curve when the 
optical pick-up 2 is moved around the focusing position Z3 to perform the focus servo. Thereafter, an average value DA1 
of drive voltages corresponding to voltages of the tracking error signal TE drawing the S curve is calculated by the CPU 
1 1e. Therefore, the average value DA1 corresponds to a central voltage of the tracking error signal TE drawing the S 

20 curve. Thereafter, a particular drive voltage DA1 + Da (or DA1 - Da) is calculated by the CPU 1 1 e by adding a constant 
offset Da (or -Da) (Da>0) to the average value DA1 , a particular focus current corresponding to the particular drive volt- 
age is supplied to the optical pick-up 2 to move the optical pick-up 2 to the focusing position Z5 (or Z4), and offsets of 
the focus and tracking error signals FE and TE, the focus error detecting signals Sa to Sd and the tracking error detect- 
ing signals Se and Sf are adjusted to an intensity of the reflecting laser beam at the focusing position Z5 (or Z4). There - 

25 fore, the adjustment of the offsets can be performed in the same manner as in the third (or fourth) operational example. 
Accordingly, in the first to fifth operational examples, the optical pick-up 2 is moved to the focusing position Z4 (or 
Z5) which is nearer to (or further from) the photo pick-up 2 than the data recording plane, and offsets of the focus and 
tracking error signals FE and TE, the focus error detecting signals Sa to Sd and the tracking error detecting signals Se 
and Sf are adjusted to an intensity of the reflecting laser beam at the focusing position Z4 (or Z5). Therefore, the track- 

30 ing error signal TEO and the focus error signal FEO can be accurately obtained, superior reproduced signals can be 
obtained in a reproducing operation, and superior recording signals can be written in the disk 1 in a recording operation. 

In the first to fifth operational examples, a laser power is constant. However, a laser power for a prescribed type of 
disk is changed. For example, a laser power is 0.25 mW in a reproducing operation for a ROM region, a laser power is 
0.5 mW in a reproducing operation for a PC region, and a laser power is 5 mW in a recording operation for the PC 

35 region. Therefore, it is applicable that an offset value be adjusted each time a laser power is changed. 

Next, a sixth operational example of the offset control method is described. An operation performed in the appara- 
tus 32 or 81 in case of no existence of the disk 1 is the same as in the first operational example. 

As shown in Fig. 1 7, because unnecessary offsets having positive values are added to true offsets of the focus and 
tracking error detecting signals Sa to Sf, a minimum offset of each signal denotes a desired (or true) offset. Also, in 

40 cases where polarities of the focus and tracking error detecting signals Sa to Sf are inverted, unnecessary offsets hav- 
ing negative values are added to true offsets of the focus and tracking error detecting signals Sa to Sf. Therefore, a max- 
imum offset of each signal denotes a desired (or true) offset. In other words, the minimum (or maximum) offset is 
obtained in cases where an intensity of a laser beam which is radiated from a laser diode LD and is returned to a sensor 
of the laser diode LD is minimized. 

45 In cases where the disk 1 is set in the apparatus 32 or 81 . the optical pick-up 2 is initially placed at an unspecified 
focusing position such as the focusing position Z0, Z1, Z2, Z3, Z4 or Z5. In this case, a focus servo is set to the "off" 
condition, the focus current is linearly increased, and then the focus current is linearly decreased. That is, the focus cur- 
rent is changed in a triangular form to move the optical pick-up 2 from the focusing position Z0 to the focusing position 
Z5 and again move the optical pick-up 2 from the focusing position Z5 to the focusing position Z0. During the movement 

so of the photo-spot (or the optical pick-up 2), voltages of the focus and tracking error detecting signals Sa to Sf and the 
tracking and focus error signals TE and FE, a first sum Va+Vc of voltages of the focus error detecting signals Sa and 
Sc and a second sum Vb+Vd of voltages of the focus error detecting signals Sb and Sd are detected by the CPU 1 1e 
on every sampling period. That is, a plurality of sampling points ranging from several sampling points to tens of sam- 
pling points are spaced in equal intervals in a region between the focusing positions Z0 and Z5, and the first and second 

55 sums are obtained for each of the sampling points. 

For example, ten sampling points PS1 to PS10 corresponding to ten values 0. 20. 40. 60, 80, 100. 120. 140, 160 
and 1 80 mA of the focus current are determined, voltages Va to Vf, Vte and Vfe of the focus and tracking error detecting 
signals Sa to Sf and the tracking and focus error signals TE and FE are measured by the CPU 1 1 e for each of the sam- 
pling points. Therefore, a block of voltages Va to Vf. Vte and Vfe is obtained for each of the sampling points, and tens 
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blocks of voltages are stored in the RAM 11c. Thereafter, a particular block of voltages in which each of particular volt- 
ages Va to Vf, Vte and Vfe corresponding to a particular sampling point is minimum among the corresponding voltages 
of the ten blocks is selected by the CPU 1 1e. and a plurality of D/A values stored in the ROM 1 1d are output to the 
microcomputer data interface 36 to set voltages Va to Vf. Vte and Vfe corresponding to the particular sampling point to 
5 a reference voltage Vref. 

Accordingly, it is judged by the CPU 1 1e that an intensity of a laser beam which is radiated from a laser diode LD 
of the optical pick-up 2 and is returned to a sensor of the laser diode LD is minimized when the focus current is set to a 
particular value corresponding to the particular sampling point, and offsets of the focus and tracking error detecting sig- 
nals Sa to Sf and the tracking and focus error signals TE and FE are adjusted by using the particular voltages of the 
10 signals corresponding to the minimum intensity of the laser beam. Therefore, the tracking error signal TEO and the. 
focus error signal FEO can be accurately obtained, superior reproduced signals can be obtained in a reproducing oper- 
ation, and superior recording signals can be written in the disk 1 in a recording operation. 

In this example, an offset of a photo sensor of the optical pick-up 2, an offset of circuits shown in Fig. 1 and an offset 
caused by a stray light such as light returning to the photo sensor of the laser diode are included in the offsets of the 
is tracking and focus error signals TEO and FEO. 

Next, a seventh operational example of the offset control method is described. 

Because the optical pick-up 2 is moved in a focusing direction perpendicular to the disk surface, an offset is caused 
by the weight of the optical pick-up 2. Therefore, there is a probability that the optical pick-up 2 collides with the disk 1 . 
In this case, the optical pick-up 2 and the disk 1 are damaged. Also, though the laser beam is theoretically focused on 

20 the data recording plane when the optical pick-up 2 is placed at the focusing position Z3, in cases where the optica! 
pick-up 2 is placed below the disk 1 (Fig. 1), a focusing position of the optical pick-up 2 is shifted to a further point from 
the disk 1 because of the weight of the optical pick-up 2. For example, the laser beam is actually focused on the data 
recording plane when the optical pick-up 2 is placed at the focusing position 20. In contrast, in cases where the optical 
pick-up 2 is placed above the disk 1 , a focusing position of the optical pick-up 2 is shifted to a nearer point to the disk 1 

25 because of the weight of the optical pick-up 2. For example, the laser beam is actually focused on the data recording 
plane when the optical pick-up 2 is placed at the focusing position Z7. Therefore, though there is no problem in cases 
where the optical pick-up 2 is placed below the disk 1 , there is a problem that the optical pick-up 2 collides with the disk 
1 in cases where the optical pick-up 2 is placed above the disk 1 . To solve the above problem in the seventh operational 
example, offsets of the tracking error signal TEO and the focus error signal FEO are adjusted on condition that a laser 

30 power is set to zero or a value lower than that in a reproducing operation. 

In detail, regardless of a disk detecting signal read out from the disk 1 , the optical pick-up 2 is fixed to an initial posi- 
tion, a laser power of the laser beam is set to zero or a minimum value such as 0.05 mW which equals to 1/5 of 0.25 
mW set for reproducing data stored in a ROM region of the disk 1 , and voltages of the focus and tracking error detecting 
signals Sa to Sf and the tracking and focus error signals TE and FE, a first sum Va+Vc of voltages of the focus error 

35 detecting signals Sa and Sc and a second sum Vb+Vd of voltages of the focus error detecting signals Sb and Sd are 
measured by the CPU 1 1 e on every sampling period. Tens of voltages are measured for each of the signals. Thereafter, 
an average voltage of the measured voltages is calculated for each of the signals, a plurality of offset values stored in 
the ROM 1 1 d are selected according to the average voltages and are output to the microcomputer data interface 36 to 
set the voltages of the focus and tracking error signals FE and TE to a reference voltage Vref, and a pair of offset signals 

40 FOFS and TOFS are output from the interface 35 according to the offset values. Therefore, offsets of the tracking error 
signal TEO and the focus error signal FEO can be adjusted. 

In this example, an offset of a photo sensor of the optical pick-up 2, an offset of circuits shown in Fig. 1 and an offset 
caused by a stray light such as light returning to the photo sensor of the laser diode are included in the offsets of the 
tracking and focus error signals TEO and FEO. Therefore, though the offset caused by a stray light cannot be measured 

45 in the seventh operational example, the offset of the photo sensor and the offset of the circuits can be stably measured 
regardless of whether the optical pick-up 2 is placed above or below the disk 1 . Also, even though the offset caused by 
a stray light cannot be disregarded, there is a case that the offset caused by a stray light is substantially adjusted by 
correcting the adjustment of the offset of the photo sensor and the adjustment of the offset of the circuits. 

Also, because the adjustment of the offsets of the tracking and focus error signals TEO and FEO can be stably par- 
se? formed in the seventh operational example, a measurement error is considerably low as compared with those in the first 
to sixth operational examples. Therefore, the accuracy of the offset adjustment can be enhanced, a measurement time 
can be considerably shortened, and the judgement of the disk detecting signal is not required. 

Next, an eighth operational example of the offset control method is described with reference to Figs. 17 and 18. In 
the eighth operational example, the offsets of the tracking and focus error signals TEO and FEO are adjusted on con- 

55 drtion that voltage levels of the tracking and focus error signals TE and FE change with the laser power of the laser 
beam. 

Fig. 18 shows the change of voltage levels of the detecting signals Sa to Sf with respect to a laser power. Fig. 19 
shows a constant term regardless of a laser power and a variable term proportional to the laser power in each of the 
detecting signals Sa to Sf. 
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As shown in Fig. 18, voltage levels of the detecting signals Sa to Sf change with the laser power of the laser beam. 
Therefore, a voltage level A+C-B-D of the focus error signal FE and a voltage level E-F of the tracking error signal TE 
change with the laser power of the laser beam. Here, the coefficient a for a focus balance adjusting degree and the 
coefficient p for a tracking balance adjusting degree are set to 1 for convenience. As shown in Fig. 19. the voltage level 
E-F of the tracking error signal TE is composed of a variable term proportional to the laser power and a constant term, 
and the variable term indicates a stray light component. The voltage level E-F is expressed according to an equation (1). 



E-F = (b1-b2)X + c1 -c2 (1) 

Here, a symbol X denotes a value of the laser power. 

In cases where identification information recorded in the table of contents (TOC) region is reproduced, the optical 
pick-up 2 is placed at an initial position on condition that any focus current does not flow through the focus actuating coil 
of the optical pick-up 2, and a value of the laser power is set to A = 0.25 mW. Therefore, a voltage level VT1 of the track- 
ing error signal TE is measured by the CPU 1 1 e and is stored in the RAM 11c. 



VT1 = (b1«b2)A + d -c2 (2) 

Thereafter, in cases where information data stored in a data region is reproduced, a value of the laser power is 
increased to B = 0.5 mW on condition that the optical pick-up 2 is placed at the initial position. Therefore, a voltage level 
VT2 of the tracking error signal TE is measured by the CPU 1 1 e and is stored in the RAM 11c. 

VT2 = (bl -b2)B + C1 -c2 (3) 

Therefore, a first coefficient b1 -b2 and a second coefficient c1 -c2 are obtained from the equations (2) and (3). 

b1-b2 = fVT1-VT2)/(A-B) (4) 
c1 -C2 = (A* VT2 - B*VT1 )/(A-B) 1 ' 

The equation (1) is rewritten by using the equation (4). 



E-F » (VT1 -VT2)/(A-B)*X + (A*VT2 - B*vT1)/(A-B) (5) 

Therefore, in cases where the values VT1 and VT2 are measured, even though the laser power is changed, a 
tracking offset of the tracking error signal TEO can be adjusted. That is, an offset value stored in the ROM 1 1d is output 
to the microcomputer data interface 36 to set a voltage level of the tracking error signal TE to a reference voltage Vref. 
Next, the adjustment of the offset of the focus error signal FEO is described. 

Voltage levels A, B, C and D of the detecting signals Sa to Sd are expressed according to equations (6) to (9). 



A « a*sincot + b1*X + c1 (6) 

B » a*sin(cot + n) + b2*X + c2 (7) 

C = a*sin cot + b3*X + c3 (8) 

D = a*sin(cot + n) + b4*X + c4 (9) 

Therefore, the voltage level A+C-B-D of the focus error signal FE is expressed according to an equation (10). 

A+C-B-D = 4a'sincot + (bl +b3-b2-b4)*X + d +c3 - c2 - c4 (10) 

In cases where identification information recorded in the table of contents (TOC) region is reproduced, the optical 
pick-up 2 is placed at an initial position on condition that any focus current does not flow through the focus actuating coil 
of the optical pick-up 2, and a value of the laser power is set to A » 0.25 mW. Therefore, a voltage level VF1 of the focus 
error signal FE is measured by the CPU 11 e and is stored in the RAM 11c. 



VF1 = (b1 +b3-b2-b4)A + d + c3 - c2 - c4 (11) 

Thereafter, in cases where information data stored in a data region is reproduced, a value of the laser power is 
increased to B = 0.5 mW on condition that the optical pick-up 2 is placed at the initial position. Therefore, a voltage level 
VF2 of the focus error signal FE is measured by the CPU 1 1 e and is stored in the RAM 11c. 
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VF2 = (b1+b3-b2-b4)B + c1+c3-c2-c4 (12) 

Therefore, a first coefficient b1+b3-b2-b4 and a second coefficient c1+c3-c2-c4 are obtained from the equa- 
tions (11) and (12). 

b1+b3-b2-b4 = (VF1 -VF2)/(A-B) (13) 
d+c3-c2-c4 « (A*VF2 - B*VF1J/(A-B) 

The equation (10) is rewritten by using the equation (13). 

10 A+C-B-D=(VF1-VF2)/(A-B)*X + (A*VF2-B*VF1)/(A-B) (14) 

Therefore, in cases where the values VF1 and VF2 are measured, even though the laser power is changed, a 
focus offset of the focus error signal FEO can be adjusted. That is, an offset value stored in the ROM 1 1d is output to 
the microcomputer data interface 36 to set a voltage level of the focus error signal FE to a reference voltage Vref. 

is Next a ninth operational example of the offset control method is described. In the ninth operational example, the 
offsets of the tracking and focus error signals TEO and FEO are adjusted on concfition that voltage levels of the tracking 
and focus error signals TE and FE change with the laser power of the laser beam. 

In cases where a tracking offset of the tracking error signal TEO is adjusted, the optical pick-up 2 is placed at an 
initial position on condition that any focus current does not flow through the focus actuating coil of the optical pick-up 2, 

20 and a value of the laser power is set to zero (X=0). Therefore, a voltage level VT3 of the tracking error signal TE is meas- 
ured by the CPU 1 1e and is stored in the RAM 11c. 

VT3 = d - c2 (15) 

25 Thereafter, in cases where information data stored in a data region is reproduced, a value of the laser power is 

increased to B « 0.5 mW on condition that the optical pick-up 2 is placed at the initial position. Therefore, a voltage level 
VT4 of the tracking enor signal TE is measured by the CPU 1 1e and is stored in the RAM 11c. 
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VT4 = (b1-b2)B + c1 - c2 (16) 

Therefore, a first coefficient b1 -b2 and a second coefficient c1 -c2 are obtained from the equations (1 5) and (1 6). 

b1-b2«(VT4- VT3)/B (17) 
d-c2 = VT3 v 

35 The equation (1) is rewritten by using the equation (1 7). 

E-F = (VT4 - VT3)/B*X + VT3 (1 8) 

Therefore, in cases where the values VT3 and VT4 are measured, even though the laser power is changed, a 
40 tracking offset of the tracking error signal TEO can be adjusted. That is, an offset value stored in the ROM 1 1d is output 
to the microcomputer data interface 36 to set a voltage level of the tracking error signal TE to a reference voltage Vref. 

In cases where a focus offset of the focus error signal FEO is adjusted, the optical pick-up 2 is placed at an initial 
position on condition that any focus current does not flow through the focus actuating coil of the optical pick-up 2, and 
a value of the laser power is set to zero (X=0). Therefore, a voltage level VF3 of the focus error signal FE is measured 
45 by the CPU 11e and is stored in the RAM 11c. 

VF3 =c.1 +c3 -c2-c4 (19) 

Thereafter, in cases where information data stored in a data region is reproduced, a value of the laser power is 
so increased to B = 0.5 mW on condition that the optical pick-up 2 is placed at the initial position. Therefore, a voltage level 
VF4 of the focus enor signal FE is measured by the CPU 1 1 e and is stored in the RAM 1 1c. 

VF4 = (b1+b3-b2-b4)B + d + c3 - c2 - c4 (20) 

55 Therefore, a first coefficient b1+b3-b2-b4 and a second coefficient c1+c3-c2-c4 are obtained from the equa- 

tions (19) and (20). 

b1+b3-b2-b4 = (VF4 - VF3J/B (21 ) 

c1+c3-c2-c4«VF3 
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The equation (10) is rewritten by using the equation (21). 

A+C-B-D = (VF4 - VF3)/B*X + VF3 (22) 

5 Therefore, in cases where the values VF3 and VF4 are measured, even though the laser power is changed, a 

focus offset of the focus error signal FEO can be adjusted. That is, an offset value stored in the ROM 1 1d is output to 
the microcomputer data interface 36 to set a voltage level of the focus error signal FE to a reference voltage Vref. 

Also, in the eighth and ninth operational examples, because the laser power is set to 0 mW, 0.25 mW for the repro- 
duction in the TOC region and 0.5 mW for the reproduction in the data region, the adjustment of the offsets can be per- 
10 formed without setting the laser power to 5 mW. Therefore, there is no probability that necessary data is erroneously 
erased. Also, the adjustment of the offsets can be performed at a short time. 

Also, the present invention is not limited to the equations (5), (1 4), (18) and (22) indicating the voltage levels of the 
focus and tracking error signals FE and TE. That is, the equations (5), (14), (18) and (22) can be simplified. Also, it is 
applicable that a voltage level table stored in the ROM 11 d be searched for voltage levels of the focus and tracking error 
75 signals FE and TE without calculating the voltage levels of the focus and tracking error signals FE and TE according to 
the equations (5), (1 4), (1 8) and (22). 

Also, it is applicable that coefficients and equations corresponding to the change of offset balance and gain with 
circumstance conditions such as temperature be stored in advance in the ROM 1 1d. Therefore, even though one of the 
circumstance conditions changes, the adjustment of the offset, balance and gain can be corrected by calculating adjust- 
20 ing values according to the coefficients and equations without setting the servo control to the "off" condition. 

Next, a tenth operational example of the offset control method is described. In the tenth operational example, coef- 
ficients of the equation (1) or (10) which change with the temperature detected by the temperature sensor 20 are stored 
in advance in the ROM 1 1d. 

In cases where an optimizing operation is required for the first time during the reproducing operation, for example. 

25 in one of the steps S22, S8, S25 and S17 of Fig. 5 or one of the steps S47, S49, S57 and S59 of Fig. 10, the servo 
control performed under the control of the servo circuit 10e is set to the "off" condition, a temperature is measured by 
the temperature sensor 20, and offsets of the tracking and focus error signals TEO and FEO are adjusted according to 
the eighth or ninth operational example. That is, the laser power is set to a first level and a second level (0.25 mW and 
0.5 mW, or 0 mW and 0.5 mW), voltage levels (or offset values) of the tracking and focus error signals TE and FE are 

30 measured by the CPU 1 1 e for each of the levels of the laser power, coefficients of the equation (1) or (1 0) are calcu- 
lated, and corrected offset values for the tracking and focus error signals TE and FE and a particular laser power are 
calculated according to the equations (5) and (1 4) or the equations (1 8) and (22) and are output 

Thereafter, in cases where the optimizing operation is again required because of the change of the temperature 
detected by the temperature sensor 20, the coefficients stored in the ROM 11d are corrected according to a tempera - 

35 ture change, and other corrected offset values for the tracking and focus error signals TE and FE and the particular 
laser power are calculated according to the corrected coefficients and are output. 

Accordingly, even though circumstance conditions such as temperature is changed, the optimizing operation can 
be performed at a short time without setting the servo control to the "off condition. 

Also, in cases where the laser power is changed, it is required to set the laser power at an optimizing value accord- 

40 ing to an ambient temperature, a temperature of the disk 1 and a temperature of the optical pick-up 2. Therefore, the 
particular laser power is read out from the disk 1 in the optimizing operation performed for the first time, the particular 
laser power is corrected by the CPU 1 1 e according to the ambient temperature detected by the temperature sensor 20 
and an optimizing laser power equation stored in the ROM 1 1d, and corrected offset values for a corrected particular 
laser power are calculated and output. Thereafter, in cases where the optimizing operation is again required because 

45 of the change of the temperature detected by the temperature sensor 20, coefficients of the optimizing laser power 
equation according to a temperature change, the particular laser power is again corrected by the CPU 1 1e according 
to the ambient temperature and the corrected optimizing laser power equation, and other corrected offset values for 
another corrected particular laser power are calculated and output 

Accordingly, even though an optimizing laser power changes with the temperature, the particular laser power can 

so be reliably optimized at a short time, and the optimizing operation can be performed at a short time without setting the 
servo control to the "off" condition. 

In the first to tenth operational examples, the focus offset and the tracking offset are adjusted by detecting the volt- 
ages of the focus and tracking error signals FE and TE. However, the focus offset and the tracking offset can be 
adjusted by detecting any of the detecting signals Sa to Sf and the focus and tracking error signals FE and TE. Also, 

55 the focus offset can be adjusted by detecting a first combined signal obtained by combining the detecting signals Sa 
and Sc and a second combined signal obtained by combining the detecting signals Sb and Sd. Also, the offset adjust- 
ment can be performed according to a run-in adjustment in place of the use of offset values stored in the ROM 1 1d. 

In the first and fifth embodiments, the temperature sensor 20 is used as a first detecting means for detecting one 
of physical conditions (or circumstance conditions) of the optical disk recording and/or reproducing apparatus 32 or 81 
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or an optical recording medium represented by the disk 1 . However, it is applicable that a sensor for detecting and 
measuring the change of humidity, the change of an electric source voltage, a physical change caused by an external 
shock, the change of a resonant concfition caused by the difference in a rotational speed between inner and outer por- 
tions of the disk 1. the change of eccentricity of the disk 1, the change of a plane-shaking degree of the disk 1, the 
5 change of an optical characteristic of the disk 1 caused by the positional displacement of the disk 1, the change of a 
rotational speed of the disk 1 caused by the change of the performance of the spindle motor 3. the number of actuating 
times of the spindle motor 3, the number of moving times of the optical pick-up 2, or a sum of moving distances of the 
optical pick-up 2 be provided for the apparatus 32 or 81 in place of the temperature sensor 20 or in addition to the tem- 
perature sensor 20. 

w Also, the recording and/or reproducing operations are performed in the apparatus 32 or 81 . However, it is applica- 
ble that the optimizing operation be performed in an optical disk recording or reproducing apparatus. 

Also, the optical disk 1 has two layers. However, it is applicable that the optimizing operation be performed for a disk 
having a multi-layer structure. 

Also, in the fifth embodiment, the request of the optimizing operation is judged according to the circumstance con- 
is ditions such as the circumstance temperature detected by the temperature sensor 20. However, it is applicable that the 
optimizing operation be performed by temporarily stopping the recording operation according to the number of erred 
signals counted by the error counting unit 83 in the same manner as in the second embodiment. Also, in cases where 
the optimizing operation is performed by temporarily stopping the recording operation according to the number of erred 
signals, it is applicable that it is judged whether the optimizing operation is effective or noneffective, in the same manner 
20 as in the third embodiment. Also, it is applicable that the request of the optimizing operation be judged on every prede- 
termined time, in the same manner as in the fourth embodiment. 

Having illustrated and described the principles of the present invention in a preferred embodiment thereof, it should 
be readily apparent to those skilled in the art that the invention can be modified in arrangement and detail without 
departing from such principles. We claim all modifications coming within the spirit and scope of the accompanying 
25 claims. 

Claims 

1. An optical disk reproducing apparatus for reproducing pieces of information data recorded in a plurality of layers 
30 including a first layer and a second layer of an optical recording medium, comprising: 

a transducer for reading out the information data from each of the layers of the optical recording medium; 
buffer storing means for temporarily storing the information data read out from each of the layers by the 
transducer; 

data rate controlling means for controlling the writing of the information data in the buffer storing means and 
35 the reading-out of the information data from the buffer storing means to write the information data read out by the 
transducer in the buffer storing means at a first data rate and read out the information data stored in the buffer stor- 
ing means to an external apparatus at a second data rate lower than the first data rate; 

servo control performing means for performing tracking control of the transducer or focus control of the 
transducer; 

*o standby condition setting means for setting the transducer to a standby condition to temporarily stop the 

reading-out of the information data from each of the layers of the optical recording medium performed by the trans- 
ducer; 

optimizing operation performing means tor performing a first optimizing operation for the first layer in which 
the tracking or focus control of the transducer performed by the servo control performing means is optimized to read 

45 out the information data from the first layer of the optical recording medium, a second optimizing operation for the 
second layer in which the tracking or focus control of the transducer performed by the servo control performing 
means is optimized to read out the information data from the second layer of the optical recording medium and 
another or other optimizing operations for other layers except for the first and second layers in which the tracking 
or focus control of the transducer performed by the servo control performing means is optimized to read out the 

so information data from the other layers of the optical recording medium; 

reproduction request receiving means for receiving a first request requesting the reproduction of the infor- 
mation data recorded in the first layer of the optical recording medium or a second request requesting the repro- 
duction of the information data recorded in the second layer of the optical recording medium; and 

controlling means for performing a first control, in cases where the first request is received by the reproduc- 

55 tion request receiving means, in which the optimizing operation performing means is controlled to perform the first 
optimizing operation for the first layer, the transducer of which the tracking or focus control is optimized by the opti- 
mizing operation performing means is controlled to read out pieces of first information data from the first layer of 
the optical recording medium under control of the servo control performing means, the data rate controlling means 
is controlled to write the first information data read out by the transducer in the buffer storing means at the first data 
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rate and read out the first information data stored in the buffer storing means to the external apparatus at the sec- 
ond data rate, it is judged whether or not a volume of the f first information data stored in the buffer storing means is 
equal to or more than a first predetermined value, the standby condition setting means is controlled to set the trans- 
ducer to a standby condition in cases where the volume of the first information data is equal to or more than the 
first predetermined value, the optimizing operation performing means is controlled to perform the second and other 
optimizing operations for the second and other layers while setting the transducer to the standby condition and 
reading out the first information data stored in the buffer storing means to the external apparatus, it is judged 
whether or not the volume of the first information data stored in the buffer storing means is equal to or less than a 
second predetermined value, and the transducer and the data rate controlling means are controlled to read out 
pieces of other first information data from the first layer of the optical recording medium and write the other first 
information data in the buffer storing means in cases where the volume of the first information data is equal to or 
less than the second predetermined value, and 

performing a second control, in cases where the second request is received by the reproduction request 
receiving means, in which the optimizing operation performing means is controlled to perform the second optimiz- 
ing operation for the second layer, the transducer of which the tracking or focus control is optimized by the optimiz- 
ing operation performing means is controlled to read out pieces of second information data from the second layer 
of the optical recording medium under control of the servo control performing means, the data rate controlling 
means is controlled to write the second information data read out by the transducer in the buffer storing means at 
the first data rate and read out the second information data stored in the buffer storing means to the external appa- 
ratus at the second data rate, it is judged whether or not a volume of the second information data stored in the 
buffer storing means is equal to or more than the first predetermined value, the standby condition setting means is 
controlled to set the transducer to a standby condition in cases where the volume of the second information data is 
equal to or more than the first predetermined value, the optimizing operation performing means is controlled to per- 
form the first and other optimizing operations for the first and other layers while setting the transducer to the standby 
condition and reading out the second information data stored in the buffer storing means to the external apparatus, 
it is judged whether or not the volume of the second information data stored in the buffer storing means is equal to 
or less than the second predetermined value, and the transducer and the data rate controlling means are controlled 
to write pieces of other second information data read out from the second layer of the optical recording medium in 
the buffer storing means at the first data rate and read out the other second information data from the buffer storing 
means at the second data rate in cases where the volume of the second information data is equal to or less than 
the second predetermined value. 

An optical disk reproducing apparatus for reproducing pieces of information data recorded in a plurality of layers 
including a first layer and a second layer of an optical recording medium, comprising: 

a transducer for reading out the information data from each of the layers of the optical recording medium; 

buffer storing means for temporarily storing the information data read out from each of the layers by the 
transducer; 

data rate controlling means for controlling the writing of the information data in the buffer storing means and 
the reading-out of the information data from the buffer storing means to write the information data read out by the 
transducer in the buffer storing means at a first data rate and read out the information data stored in the buffer stor- 
ing means to an external apparatus at a second data rate lower than the first data rate; 

servo control performing means for performing a tracking control of the transducer or a focus control of the 
transducer; 

standby condition setting means for setting the transducer to a standby condition to temporarily stop the 
reading-out of the information data from each of the layers of the optical recording medium performed by the trans- 
ducer; 

optimizing operation performing means for performing a first optimizing operation for the first layer in which 
the tracking or focus control of the transducer performed by the servo control performing means is optimized to read . 
out the information data from the first layer of the optical recording medium, a second optimizing operation for the 
second layer in which the tracking or focus control of the transducer performed by the servo control performing 
means is optimized to read out the information data from the second layer of the optical recording medium and 
another or other optimizing operations for other layers except for the first and second layers in which the tracking 
or focus control of the transducer performed by the servo control performing means is optimized to read out the 
information data from the other layers of the optical recording medium; 

reproduction request receiving means for receiving a first request requesting the reproduction of the infor- 
mation data recorded in the first layer of the optical recording medium or a second request requesting the repro- 
duction of the information data recorded in the second layer of the optical recording medium; 

optimizing operation requesting means for requesting the performance of the first or second optimizing oper- 
ation of the optimizing operation performing means; and 



34 



EP 0 724 256 A2 

controlling means for performing a first control, in cases where the first request is received by the reproduc- 
tion request receiving means, in which the transducer is controlled to read out pieces of first information data from 
the first layer of the optical recording medium under control of the servo control performing means, the data rate 
controifing means is controlled to write the first information data read out by the transducer in the buffer storing 

5 means at the first data rate and read out the first information data stored in the buffer storing means to the external 

apparatus at the second data rate, it is judged whether or not a volume of the first information data stored in the 
buffer storing means is equal to or more than a first predetermined value, the standby condition setting means is 
controlled to set the transducer to a standby condition in cases where the volume of the first information data is 
equal to or more than the first predetermined value, it is judged whether or not the optimizing operation requesting 

10 means requests the performance of the first or second optimizing operation of the optimizing operation performing 
means in cases where the transducer is set to the standby condition, the optimizing operation performing means is 
controlled to perform the first optimizing operation for the first layer in cases where the optimizing operation 
requesting means requests the performance of the first or second optimizing operation of the optimizing operation 
performing means, the optimizing operation performing means is controlled to perform the second and the other 

is optimizing operations for the second and other layers while reading out the first information data stored in the buffer 
storing means to the external apparatus in cases where the first optimizing operation is performed by the optimizing 
operation performing means, it is judged whether or not the volume of the first information data stored in the buffer 
storing means is equal to or less than a second predetermined value, and the transducer and the data rate control- 
ling means are controlled to read out pi eces of other first information data from the first layer of the optical recording 

20 medium and write the other first information data in the buffer storing means in cases where the volume of the first 
information data is equal to or less than the second predetermined value, and 

performing a second control, in cases where the second request is received by the reproduction request 
receiving means, in which the transducer is controlled to read out pieces of second information data from the sec- 
ond layer of the optical recording medium under control of the servo control performing means, the data rate con- 

25 trolling means is controlled to write the second information data read out by the transducer in the buffer storing 
means at the first data rate and read out the second information data stored in the buffer storing means to the exter- 
nal apparatus at the second data rate, it is judged whether or not a volume of the second information data stored 
in the buffer storing means is equal to or more than a first predetermined value, the standby condition setting 
means is controlled to set the transducer to a standby condition in cases where the volume of the second informa- 

30 tion data is equal to or more than the first predetermined value, it is judged whether or not the optimizing operation 
requesting means requests the performance of the first or second optimizing operation of the optimizing operation 
performing means in cases where the transducer is set to the standby condition, the optimizing operation perform- 
ing means is controlled to perform the second optimizing operation for the second layer in cases where the optimiz- 
ing operation requesting means requests the performance of the first or second optimizing operation of the 

35 optimizing operation performing means, the optimizing operation performing means is controlled to perform the first 
and the other optimizing operations for the first and other layers while reading out the second information data 
stored in the buffer storing means to the external apparatus in cases where the second optimizing operation Is per- 
formed by the optimizing operation performing means, it is judged whether or not the volume of the second infor- 
mation data stored in the buffer storing means is equal to or less than a second predetermined value, and the 

40 transducer and the data rate controlling means are controlled to write pieces of other second information data read 
out from the second layer of the optical recording medium in the buffer storing means at the first data rate and read 
out the other second information data from the buffer storing means at the second data rate in cases where the vol- 
ume of the second information data is equal to or less than the second predetermined value. 

45 3. An optical disk reproducing apparatus according to claim 2 in which the optimizing operation requesting means 
comprises: 

physical condition detecting means for detecting a physical condition value of the optical disk reproducing 
apparatus or the optical recording medium; and 

physical condition judging means for judging whether or not the physical condition value detected by the 
so physical condition detecting means exceeds a reference value or whether or not a difference between a physical 
condition value currently detected by the physical condition detecting means and another physical condition value 
previously detected by the physical condition detecting means is larger than a prescribed value and requesting the 
performance of the first or second optimizing operation in cases where the physical condition value exceeds the 
reference value or the difference is larger than the prescribed value. 

55 

4. An optical disk reproducing apparatus according to claim 2 or claim 3 in which optimizing operation requesting 
means comprises: 

error correcting means for correcting one or more erred signals obtained by erroneously reading out one or 
more pieces of particular information data from a particular layer of the optical recording medium: 
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error counting means for counting the number of erred signals corrected by the error correcting means; and 
error signal judging means for judging whether or not the number of erred signals counted by the error count- 
ing means is higher than a reference number and requesting the performance of the first or second optimizing oper- 
ation in cases where the number of erred signals is higher than the reference number. 

5 

5. An optical disk reproducing apparatus according to claim 4 in which the optimizing operation requesting means fur- 
ther comprises: 

reproducing operation controlling means for controlling the servo control performing means and the trans- 
ducer to again read out the particular information data from the particular layer of the optical recording medium, one - 
10 or more particular erred signals obtained by erroneously reading out the particular information data again being 
corrected by the error correcting means, the number of particular erred signals being counted by the error counting 
means, and the number of particular erred signals counted being judged by the error signal judging means; and 

alarming means for controlling the optimizing operation performing means to stop the first, second and other 
optimizing operations and outputting an alarm in cases where it is judged by the error signal judging means that the 
is number of particular erred signals is higher than the reference number. 

6. An optical disk reproducing apparatus according to any of claims 2 to 5 in which optimizing operation requesting 
means comprises: time interval detecting means for detecting a predetermined time interval; and 

requesting means for requesting the performance of the first or second optimizing operation on every pre- 
20 determined time interval detected by the time interval detecting means. 

7. An optical disk recording apparatus for recording pieces of information data transmitted from an external apparatus 
in a plurality of layers including a first layer and a second layer of an optical recording medium, comprising: 

buffer storing means for temporarily storing the information data transmitted from the external apparatus; 

25 data rate controlling means for controlling the writing of the information data in the buffer storing means and 

the reading-out of the information data from the buffer storing means to read out the information data from the 
buffer storing means at a first data rate and write the information data transmitted from the external apparatus in 
the buffer storing means at a second data rate lower than the first data rate; 

a transducer for writing the information data read out from the buffer storing means under control of the data 

30 rate controlling means in each of the layers of the optical recording medium; 

servo control performing means for performing a tracking or focus control for the transducer; 
standby condition setting means for setting the transducer to a standby condition to temporarily stop the writ- 
ing of the information data performed by the transducer; 

optimizing operation performing means for performing a first optimizing operation for the first layer in which 

35 the tracking or focus control for the transducer performed by the servo control performing means is optimized to 
write the information data in the first layer of the optical recording medium, a second optimizing operation for the 
second layer in which the tracking or focus control for the transducer performed by the servo control performing 
means is optimized to write the information data in the second layer of the optical recording medium and another 
or other optimizing operations for other layers except for the first and second layers in which the tracking or focus 

40 control for the transducer performed by the servo control performing means is optimized to write the information 
data in the other layers of the optical recording medium; 

recording request receiving means for receiving a first request requesting the recording of the information 
data in the first layer of the optical recording medium or a second request requesting the recording of the informa- 
tion data in the second layer of the optical recording medium; and 

45 controlling means for performing a first control, in cases where the first request is received by the recording 

request receiving means, in which the optimizing operation performing means is controlled to perform the first opti- 
mizing operation for the first layer, the data rate controlling means is controlled to write pieces of first information 
data transmitted from an external apparatus in the buffer storing means at the second data rate and read out the 
first information data stored in the buffer storing means to the transducer at the first data rate, the transducer of 

so which the tracking or focus control is optimized by the optimizing operation performing means is controlled to write 
the first information data read out from the buffer storing means in the first layer of the optical recording medium 
under control of the servo control performing means, it is judged whether or not a volume of the first information 
data stored in the buffer storing means is equal to or more than a first predetermined value, the standby condition 
setting means is controlled to set the transducer to the standby condition in cases where the volume of the first 

55 information data is less than the first predetermined value, the optimizing operation performing means is controlled 
to perform the second and other optimizing operations for the second and other layers while writing one or more 
pieces of other first information data transmitted from the external apparatus in the buffer storing means in cases 
where the transducer is set to the standby condition and the transducer is controlled to write the first information 
data stored in the buffer storing means in the first layer of the optical recording medium under control of the servo 
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control performing means in cases where the volume of the first information data is equal to or more than the first 
predetermined value, and 

performing a second control, in cases where the second request is received by the recording request receiv- 
ing means, in which the optimizing operation performing means is controlled to perform the second optimizing 

5 operation for the second layer, the data rate controlling means is controlled to write pieces of second information 

data transmitted from an external apparatus in the buffer storing means at the second data rate and read out the 
second information data stored in the buffer storing means to the transducer at the first data rate, the transducer of 
which the tracking or focus control is optimized by the optimizing operation performing means is controlled to write 
the second information data in the second layer of the optical recording medium under control of the servo control 

10 performing means, it is judged whether or not a volume of the second information data stored in the buffer storing 
means is equal to or more than a first predetermined value, the standby condition setting means is controlled to set 
the transducer to the standby condition in cases where the volume of the first information data is less than the first 
predetermined value, the optimizing operation performing means is controlled to perform the first and other opti- 
mizing operations for the first and other layers while writing one or more pieces of other second information data 

is transmitted from the external apparatus in the buffer storing means in cases where the transducer is set to the 
standby condition and the transducer is controlled to write the second information data stored in the buffer storing 
means in the second layer of the optical recording medium under control of the servo control performing means in 
cases where the volume of the first information data is equal to or more than the first predetermined value. 

20 8. An optical disk recording apparatus for recording pieces of information data transmitted from an externa] apparatus 
in a plurality of layers including a first layer and a second layer of an optical recording medium, comprising: 

buffer storing means for temporarily storing the information data transmitted from the external apparatus; 
data rate controlling means for controlling the writing of the information data in the buffer storing means and 
the reading-out of the information data from the buffer storing means to read out the information data from the 

25 buffer storing means at a first data rate and write the information data transmitted from the external apparatus in 
the buffer storing means at a second data rate lower than the first data rate; 

a transducer for writing the information data read out from the buffer storing means under control of the data 
rate controlling means in each of the layers of the optical recording medium; 

servo control performing means for performing a tracking or focus control for the transducer; 

so standby condition setting means for setting the transducer to a standby condition to temporarily stop the writ- 

ing of the information data performed by the transducer; . 

optimizing operation performing means for performing a first optimizing operation for the first layer in which 
the tracking or focus control for the transducer performed by the servo control performing means is optimized to 
write the information data in the first layer of the optical recording medium, a second optimizing operation for the 

35 second layer in which the tracking or focus control for the transducer performed by the servo control performing 
means is optimized to write the information data in the second layer of the optical recording medium and another 
or other optimizing operations for other layers except for the first and second layers in which the tracking or focus 
control for the transducer performed by the servo control performing means is optimized to write the information 
data in the other layers of the optical recording medium; 

4o recording request receiving means for receiving a first request requesting the recording of the information 

data in the first layer of the optical recording medium or a second request requesting the recording of the informa- 
tion data in the second layer of the optical recording medium; 

optimizing operation requesting means for requesting the performance of the first or second optimizing oper- 
ation of the optimizing operation performing means; and 

45 controlling means for performing a first control, in cases where the first request is received by the reproduc- 

tion request receiving means, in which the data rate controlling means is controlled to write pieces of first informa- 
tion data transmitted from an external apparatus in the buffer storing means at the second data rate and read out 
the first information data from the buffer storing means at the first data rate, the transducer is controlled to write the 
first information data read out from the buffer storing means in the first layer of the optical recording medium, it is 

so judged whether or not a volume of the first information data stored in the buffer storing means is equal to or more 
than a first predetermined value, the standby condition setting means is controlled to set the transducer to a 
standby condition in cases where the volume of the first information data Is less than the first predetermined value, 
it is judged whether or not the optimizing operation requesting means requests the performance of the first or sec- 
ond optimizing operation of the optimizing operation performing means in cases where the transducer is set to the 

ss standby condition, the optimizing operation performing means is controlled to perform the first optimizing operation 
for the first layer while writing one or more pieces of other first information data transmitted from the external appa- 
ratus in the buffer storing means in cases where the optimizing operation requesting means requests the perform- 
ance of the first or second optimizing operation of the optimizing operation performing means, the optimizing 
operation performing means is controlled to perform the second and the other optimizing operations for the second 
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and other layers while writing the other first information data in the buffer storing means in cases where the first 
optimizing operation is performed by the optimizing operation performing means and the transducer is controlled to 
write the first information data stored in the buffer storing means in the first layer of the optical recording medium 
under control of the servo control performing means in cases where the volume of the first information data is equal 

5 to or more than the first predetermined value, and 

performing a second control, in cases where the second request is received by the reproduction request 
receiving means, in which the data rate controlling means is controlled to write pieces of second information data 
transmitted from the external apparatus in the buffer storing means at the second data rate and read out the second 
information data from the buffer storing means at the first data rate, the transducer is controlled to write the second 

ro information data read out from the buffer storing means in the second layer of the optical recording medium, it is 
judged whether or not a volume of the second information data stored in the buffer storing means is equal to or 
more than the first predetermined value, the standby condition setting means is controlled to set the transducer to 
a standby condition in cases where the volume of the second information data is less than the first predetermined 
value, it is judged whether or not the optimizing operation requesting means requests the performance of the first 

is or second optimizing operation of the optimizing operation performing means in cases where the transducer is set 
to the standby condition, the optimizing operation performing means is controlled to perform the second optimizing 
operation for the second layer while writing one or more pieces of other second information data transmitted from 
the external apparatus in the buffer storing means in cases where the optimizing operation requesting means 
requests the performance of the first or second optimizing operation of the optimizing operation performing means. 

20 the optimizing operation performing means is controlled to perform the first and the other optimizing operations for 
the first and other layers while writing the other second information data in the buffer storing means in cases where 
the second optimizing operation is performed by the optimizing operation performing means and the transducer is 
controlled to write the second information data stored in the buffer storing means in the second layer of the optical 
recording medium under control of the servo control performing means in cases where the volume of the second 

25 information data is equal to or more than the first predetermined value. 

9. An optical disk recording apparatus according to claim 8 in which the optimizing operation requesting means com- 
prises: 

physical condition detecting means for detecting a physical condition value of the optical disk recording 
30 apparatus or the optical recording medium; and 

physical condition judging means for judging whether or not the physical condition value detected by the 
physical condition detecting means exceeds a reference value or whether or not a difference between a physical 
condition value currently detected by the physical condition detecting means and another physical condition value 
previously detected by the physical condition detecting means is larger than a prescribed value and requesting the 
35 performance of the first or second optimizing operation in cases where the physical condition value exceeds the 
reference value or the difference is larger than the prescribed value. 

10. An optical disk recording apparatus according to claim 8 or claim 9 in which the optimizing operation requesting 
means comprises: 

40 time interval detecting means for detecting a predetermined time interval; and 

requesting means for requesting the performance of the first or second optimizing operation on every pre- 
determined time interval detected by the time interval detecting means. 

11. An optical disk reproducing apparatus for reproducing pieces of information data recorded in a single layer of an 
45 optical recording medium, comprising: 

a transducer for reading out the information data from the layer of the optical recording medium; 

buffer storing means for temporarily storing the information data read out from the layer by the transducer; 

data rate controlling means for controlling the writing of the information data in the buffer storing means and 
the reading-out of the information data from the buffer storing means to write the information data read out by the 
so transducer in the buffer storing means at a first data rate and read out the information data stored in the buffer stor- 
ing means to an external apparatus at a second data rate lower than the first data rate; 

servo control performing means for performing a tracking control of the transducer or a focus control of the 
transducer; 

standby condition setting means for setting the transducer to a standby condition to temporarily stop the 
ss reading-out of the information data from the layer of the optical recording medium performed by the transducer; 

optimizing operation performing means for performing an optimizing operation for the layer in which the 
tracking or focus control of the transducer performed by the servo control performing means is optimized to read 
out the information data from the layer of the optical recording medium; 

optimizing operation requesting means for requesting the performance of the optimizing operation of the 
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optimizing operation performing means; and 

controlling means for controlling the transducer to read out pieces of information data from the optical 
recording medium to the buffer storing means under control of the servo control performing means, controlling the 
data rate controlling means to write the information data read out by the transducer in the buffer storing means at 
the first data rate and read out the information data stored in the buffer storing means to an external apparatus at 
the second data rate, judging whether or not a volume of the information data stored in the buffer storing means is 
equal to or more than a first predetermined value, controlling the standby condition setting means to set the trans- 
ducer to a standby condition in cases where the volume of the information data is equal to or more than the first 
predetermined value, judging whether or not the optimizing operation requesting means requests the performance 
of the optimizing operation of the optimizing operation performing means in cases where the transducer is set to 
the standby condition, controlling the optimizing operation performing means to perform the optimizing operation 
for the layer of the optical recording medium while setting the transducer to the standby condition and reading out 
the information data stored in the buffer storing means to the external apparatus in cases where the optimizing 
operation requesting means requests the performance of the optimizing operation of the optimizing operation per- 
forming means, judging whether or not the volume of the information data stored in the buffer storing means is 
equal to or less than a second predetermined value, and controlling the transducer and the data rate controlling 
means to read out pieces of other information data from the layer of the optical recording medium and write the 
other information data in the buffer storing means in cases where the volume of the information data is equal to or 
less than the second predetermined value. 

12. An optical disk reproducing apparatus according to claim 1 1 in which the optimizing operation requesting means 
comprises: 

physical condition detecting means for detecting a physical condition value of the optical disk recording 
apparatus or the optical recording medium; and 

physical condition judging means for judging whether or not the physical condition value detected by the 
physical condition detecting means exceeds a reference value or whether or not a difference between a physical 
condition value currently detected by the physical condition detecting means and another physical condition value 
previously detected by the physical condition detecting means is larger than a prescribed value and requesting the 
performance of the optimizing operation in cases where the physical condition value exceeds the reference value 
or the difference is larger than the prescribed value. 

13. An optical disk reproducing apparatus according to claim 11 or 12 in which the optimizing operation requesting 
means comprises: 

error conecting means for correcting one or more erred signals obtained by erroneously reading out one or 
more pieces of particular information data from a particular layer of the optical recording medium; 

error counting means for counting the number of erred signals corrected by the error correcting means; and 
error signal judging means for judging whether or not the number of erred signals counted by the error count- 
ing means is higher than a reference number and requesting the performance of the optimizing operation in cases 
where the number of erred signals is higher than the reference number. 

14. An optical disk reproducing apparatus according to claim 11, 12 or 13 in which the optimizing operation requesting 
means further comprises: 

reproducing operation controlling means for controlling the servo control performing means and the trans- 
ducer to again read out the particular information data from the particular layer of the optical recording medium, one 
or more particular erred signals obtained by erroneously reading out the particular information data again being 
corrected by the enor correcting means, the number of particular erred signals being counted by the error counting 
means, and the number of particular erred signals counted being judged by the error signal judging means; and 

alarming means for controlling the optimizing operation performing means to stop the optimizing operation 
and outputting an alarm in cases where rt is judged by the error signal judging means that the number of particular 
erred signals is higher than the reference number. 

15. An optical disk reproducing apparatus according to claim 1 1 in which the optimizing operation requesting means 
comprises: 

time interval detecting means for detecting a predetermined time interval; and 

requesting means for requesting the performance of the optimizing operation on every predetermined time 
interval detected by the time interval detecting means. 

1 6. An optical disk recording apparatus for recording pieces of information data transmitted from an external apparatus 
in a single layer of an optical recording medium, comprising: 
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buffer storing means for temporarily storing the information data transmitted from the external apparatus; 

data rate controlfing means for controlling the writing of the information data in the buffer storing means and 
the reading-out of the information data from the buffer storing means to read out the information data from the 
buffer storing means at a first data rate and write the information data transmitted from the external apparatus in 
the buffer storing means at a second data rate lower than the first data rate; 

a transducer for writing the information data read out from the buffer storing means under control of the data 
rate controlling means in the layer of the optical recording medium; 

servo control performing means for performing a tracking or focus control for the transducer; 

standby condition setting means for setting the transducer to a standby condition to temporarily stop the writ- 
ing of the information data performed by the transducer; 

optimizing operation performing means for performing an optimizing operation for the layer of the optical 
recording medium in which the tracking or focus control for the transducer performed by the servo control perform- 
ing means is optimized to write the information data in the layer of the optical recording medium; 

recording request receiving means for receiving a request requesting the recording of the information data 
in the layer of the optical recording medium; and 

controlling means for controlling the optimizing operation performing means to perform the optimizing oper- 
ation for the layer of the optical recording medium, controlling the data rate controlling means to write pieces of 
information data transmitted from an external apparatus in the buffer storing means at the second data rate and 
read out the information data stored in the buffer storing means to the transducer at the first data rate, controlling 
the transducer of which the tracking or focus control is optimized by the optimizing operation performing means to 
write the information data read out from the buffer storing means in the layer of the optical recording medium under 
control of the servo control performing means, judging whether or not a volume of the information data stored in the 
buffer storing means is equal to or more than a first predetermined value, controlling the standby condition setting 
means to set the transducer to the standby condition in cases where the volume of the first information data is less 
than the first predetermined value, judging whether or not the recording request receiving means receives a 
request requesting the recording of the information data in cases where the transducer is set to the standby condi- 
tion, and controlling the optimizing operation performing means to perform the optimizing operation for the layer of 
the optical recording medium while writing one or more pieces of other information data transmitted from the exter- 
nal apparatus in the buffer storing means in cases where the volume of the information data is equal to or more 
than the first predetermined value. 

1 7. An optical disk recording apparatus according to claim 1 6 in which the optimizing operation requesting means com- 
prises: 

physical condition detecting means for detecting a physical condition value of the optical disk recording 
apparatus or the optical recording medium; and 

physical condition judging means for judging whether or not the physical condition value detected by the 
physical condition detecting means exceeds a reference value or whether or not a difference between a physical 
condition value currently detected by the physical condition detecting means and another physical condition value 
previously detected by the physical condition detecting means is larger than a prescribed value and requesting the 
performance of the optimizing operation in cases where the physical condition value exceeds the reference value 
or the difference is larger than the prescribed value. 

1 8. An optical disk recording apparatus according to claim 1 6 or 1 7 in which the optimizing operation requesting means 
comprises: 

time interval detecting means for detecting a predetermined time interval; and 

requesting means for requesting the performance of the optimizing operation on every predetermined time 
interval detected by the time interval detecting means. 

19. An optimizing method of a servo control in an optical disk reproducing apparatus having a transducer for reading 
out pieces of information data recorded in a plurality of layers including a first layer and a second layer of an optical 
recording medium, buffer storing means for temporarily storing the information data read out by the transducer, 
data rate controlling means for controlling the writing of the information data in the buffer storing means and the 
reading-out of the information data from the buffer storing means to write the information data read out by the trans- 
ducer in the buffer storing means at a first data rate and read out the information data stored in the buffer storing 
means to an external apparatus at a second data rate lower than the first data rate, and servo controlling means 
for performing a tracking or focus control for the transducer, comprising the steps of: 

judging whether a first request requesting the reproduction of the information data recorded in the first layer 
of the optical recording medium is received or a second request requesting the reproduction of the information data 
recorded in the second layer of the optical recording medium is received; 



40 




EP0 724 256 A2 

performing a first optimizing operation for the first layer in which the tracking or focus control performed by 
the servo controlling means for the transducer through which the information data are read out from the first layer 
of the optical recording medium is optimized in cases where it is judged that the first request is received; 

reading out pieces of first information data from the first layer of the optical recording medium under control 
5 of the servo controlling means through the transducer for which the tracking or focus control is optimized; 

writing the first information data read out from the first layer in the buffer storing means at the first data rate 
under control of the data rate controlling means; 

reading out the first information data stored in the buffer storing means to an external apparatus at the sec- 
ond data rate under control of the data rate controlling means; 
10 judging whether or not a volume of the first information data stored in the buffer storing means is equal to or 

more than a first predetermined value; 

setting the transducer to a standby condition to temporarily stop the reading of the first information data from 
the first layer of the optical recording medium in cases where it is judged that the volume of the first information data 
stored in the buffer storing means is equal to or more than the first predetermined value; 
15 performing second and other optimizing operations for the second and other layers, in which the tracking or 

focus control performed by the servo controlling means for the transducer through which the information data are 
read out from the second and other layers of the optical recording medium is optimized, while reading out the first 
information data stored in the buffer storing means to the external apparatus in cases where the transducer is set 
to the standby condition; 

20 judging whether or not the volume of the first information data stored in the buffer storing means is equal to 

or less than a second predetermined value; 

reading out pieces of other first information data from the first layer of the optical recording medium though 
the transducer under control of the servo controlling means and writing the other first information data in the buffer 
storing means in cases where it is judged that the volume of the first information data is equal to or less than the 
25 second predetermined value; 

performing the second optimizing operation for the second layer in cases where it is judged that the second 
request is received; 

reading out pieces of second information data from the second layer of the optical recording medium under 
control of the servo controlling means through the transducer for which the tracking or focus control is optimized; 
30 writing the second information data read out from the second layer in the buffer storing means at the first 

data rate under control of the data rate controlling means; 

reading out the second information data stored in the buffer storing means to the external apparatus at the 
second data rate under control of the data rate controlling means; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal 
35 to or more than the first predetermined value; 

setting the transducer to the standby condition to temporarily stop the reading of the second information 
from the second layer of the optical recording medium in cases where it is judged that the volume of the second 
information data stored in the buffer storing means is equal to or more than the first predetermined value; 

performing the first and other optimizing operations for the first and other layers while reading out the second 
40 information data stored in the buffer storing means to the external apparatus in cases where the transducer is set 
to the standby condition; 

judging whether or not the volume of the second information data stored in the buffer storing means is equal 
to or less than the second predetermined value; and 

reading out pieces of other second information data from the second layer of the optical recording medium 
45 though the transducer under control of the servo controlling means and writing the other second information data 
in the buffer storing means in cases where it is judged that the volume of the second information data is equal to or 
less than the second predetermined value. 

20. An optimizing method of a servo control in an optical disk reproducing apparatus having a transducer for reading 
so out pieces of information data recorded in a plurality of layers including a first layer and a second layer of an optical 
recording medium, buffer storing means for temporarily storing the information data read out by the transducer, 
data rate controlling means for controlling the writing of the information data in the buffer storing means and the 
reading-out of the information data from the buffer storing means to write the information data read out by the trans- 
ducer in the buffer storing means at a first data rate and read out the information data stored in the buffer storing 
55 means to an external apparatus at a second data rate lower than the first data rate, servo controlling means for per- 
forming a tracking or focus control for the transducer, and optimizing operation requesting means for requesting an 
optimizing operation, comprising the steps of: 

judging whether a first request requesting the reproduction of the information data recorded in the first layer 
of the optical recording medium is received or a second request requesting the reproduction of the information data 
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recorded in the second layer of the optical recording medium is received; 

reading out pieces of first information data from the first layer of the optical recording medium under control 
of the servo controlling means through the transducer in cases where it is judged that the first request is received; 
writing the first information data read out from the first layer in the buffer storing means at the first data rate 
5 under control of the data rate controlling means; 

reading out the first information data stored in the buffer storing means to an external apparatus at the sec- 
ond data rate under control of the data rate controlling means; 

judging whether or not a volume of the first information data stored in the buffer storing means is equal to or 
more than a first predetermined value; 
10 setting the transducer to a standby condition to temporarily stop the reading of the first information data from 

the first layer of the optical recording medium in cases where it is judged that the volume of the first information data 
stored in the buffer storing means is equal to or more than the first predetermined value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the transducer is set to the standby condition; 
is performing a first optimizing operation for the first layer, in which the tracking or focus control performed by 

the servo controlling means for the transducer through which the information data are read out from the first layer 
of the optical recording medium is optimized, while reading out the first information data stored in the buffer storing 
means to the external apparatus in cases where it is judged that the optimizing operation requesting means 
requests an optimizing operation; 
20 performing second and other optimizing operations for the second and other layers, in which the tracking or 

focus control performed by the servo controlling means for the transducer through which the information data are 
read out from the second and other layers of the optical recording medium is optimized, while reading out the first 
information data stored in the buffer storing means to the external apparatus in cases where the first optimizing 
operation is performed; 

25 judging whether or not the volume of the first information data stored in the buffer storing means is equal to 

or less than a second predetermined value; 

reading out pieces of other first information data from the first layer of the optical recording medium though 
the transducer under control of the servo controlling means and writing the other first information data in the buffer 
storing means in cases where it is judged that the volume of the first information data is equal to or less than the 
30 second predetermined value; 

reading out pieces of second information data from the second layer of the optical recording medium under 
control of the servo controlling means through the transducer in cases where it is judged that the second request 
is received; 

writing the second information data read out from the second layer in the buffer storing means at the first 
35 data rate under control of the data rate controlling means; 

reading out the second information data stored in the buffer storing means to the external apparatus at the 
second data rate under control of the data rate controlling means; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal 
to or more than the first predetermined value; 
40 setting the transducer to the standby condition to temporarily stop the reading of the second information data 

from the second layer of the optical recording medium in cases where it is judged that the volume of the second 
information data stored in the buffer storing means is equal to or more than the first predetermined value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the transducer is set to the standby condition; 
45 performing the second optimizing operation for the second layer while reading out the second information 

data stored in the buffer storing means to the external apparatus in cases where it is judged that the optimizing 
operation requesting means requests an optimizing operation; 

performing the first and other optimizing operations for the first and other layers while reading out the second 
information data stored in the buffer storing means to the external apparatus in cases where the second optimizing 
so operation is performed; 

judging whether or not the volume of the second information data stored in the buffer storing means is equal 
to or less than the second predetermined value; and 

reading out pieces of other second information data from the second layer of the optical recording medium 
though the transducer under control of the servo controlling means and writing the other second information data 
55 in the buffer storing means in cases where it is judged that the volume of the second information data is equal to or 
less than the second predetermined value. 

21. An optimizing method according to claim 20 in which each of the steps of judging whether or not the optimizing 
operation requesting means requests an optimizing operation, comprising the steps of: 
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detecting a physical condition value of the optical disk reproducing apparatus or the optical recording 
medium; 

judging whether or not the physical condition value exceeds a reference value or whether or not a difference 
between a physical condition value currently detected and another physical condition value previously detected is 
larger than a prescribed value; and 

requesting an optimizing operation in cases where the physical condition value exceeds the reference value 
or the difference is larger than the prescribed value. 

22. An optimizing method according to claim 20 in which each of the steps of judging whether or not the optimizing 
operation requesting means requests an optimizing operation, comprising the steps of: 

correcting one or more erred signals obtained by erroneously reading out one or more pieces of particular 
information data from the first or second layer of the optical recording medium; 
counting the number of erred signals corrected; 

judging whether or not the number of erred signals counted is higher than a reference number; and 
requesting an optimizing operation in cases where the number of erred signals is higher than the reference 
number. 

23. An optimizing method according to claim 22 in which each of the steps of judging whether or not the optimizing 
operation requesting means requests an optimizing operation, further comprising the steps of: 

again reading out the particular information data from the first or second layer of the optical recording 
medium, 

correcting one or more particular erred signals obtained by erroneously reading out the particular informa- 
tion data again from the first or second layer of the optical recording medium; 
counting the number of particular erred signals corrected; 

judging whether or not the number of particular erred signals counted is higher than the reference number; 

and 

stopping the first, second and other optimizing operations and outputting an alarm in cases where it is 
judged that the number of particular erred signals is higher than the reference number. 

24. An optimizing method according to daim 20, 21, 22 or 23 in which each of the steps of judging whether or not the 
optimizing operation requesting means requests an optimizing operation, comprising the steps of: 

detecting a predetermined time interval; and 

requesting an optimizing operation on every predetermined time interval detected. 

25. An optimizing method of a servo control in an optical disk recording apparatus having buffer storing means for tem- 
porarily storing pieces of information data transmitted from an external apparatus, data rate controlling means for 
controlling the writing of the information data in the buffer storing means and the reading-out of the information data 
from the buffer storing means to read out the information data from the buffer storing means at a first data rate and 
write the information data in the buffer storing means at a second data rate lower than the first data rate, a trans- 
ducer for writing the information data read out from the buffer storing means in a plurality of layers including a first 
layer and a second layer of an optical recording medium, and servo controlling means for performing a tracking or 
focus control for the transducer, comprising the steps of: 

judging whether a first request requesting the recording of the information data recorded in the first layer of 
the optical recording medium is received or a second request requesting the recording of the information data 
recorded in the second layer of the optical recording medium is received; 

performing a first optimizing operation for the first layer in which the tracking or focus control performed by 
the servo controlling means for the transducer through which the information data are written in the first layer of the 
optical recording medium is optimized in cases where it is judged that the first request is received; 

writing pieces of first information data transmitted from the external apparatus in the buffer storing means at 
the second data rate under the control of the data rate controlling means; 

reading out the first information data stored in the buffer storing means to the transducer at the first data rate 
under the control of the data rate controlling means; 

judging whether or not a volume of the first information data stored in the buffer storing means is equal to or 
more than a first predetermined value; 

setting the transducer to a standby condition to temporarily stop the writing of the first information data per- 
formed by the transducer in cases where the volume of the first information data is less than the first predetermined 
value; 

performing second and other optimizing operations for the second and other layers, in which the tracking or 
focus control performed by the servo controlling means for the transducer through which the information data are 
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written in the second and other layers of the optical recording medium is optimized, while writing one or more 
pieces of other first information data transmitted from the external apparatus in the buffer storing means in cases 
where the transducer is set to the standby condition; 

writing the first information data stored in the buffer storing means in the first layer of the optical recording 
5 medium under control of the servo controlling means in cases where the volume of the first information data is 

equal to or more than the first predetermined value; 

performing the second optimizing operation for the second layer in cases where it is judged that the second 
request is received; 

writing pieces of second information data transmitted from the external apparatus in the buffer storing 
10 means at the second data rate under the control of the data rate controlling means; 

reading out the second information data stored in the buffer storing means to the transducer at the first data 
rate under the control of the data rate controlling means; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal 
to or more than the first predetermined value; 
15 setting the transducer to the standby condition to temporarily stop the writing of the second information data 

performed by the transducer in cases where the volume of the second information data is less than the first prede- 
termined value; 

performing the first and other optimizing operations for the first and other layers while writing one or more 
pieces of other second information data transmitted from the external apparatus in the buffer storing means in 
20 cases where the transducer is set to the standby condition; and 

writing the second information data stored in the buffer storing means in the second layer of the optical 
recording medium under control of the servo controlling means in cases where the volume of the second informa- 
tion data is equal to or more than the first predetermined value. 

25 26. An optimizing method of a servo control in an optica! disk recording apparatus having buffer storing means for tem- 
porarily storing pieces of information data transmitted from an external apparatus, data rate controlling means for 
controlling the writing of the information data in the buffer storing means and the reading-out of the information data 
from the buffer storing means to read out the information data from the buffer storing means at a first data rate and 
write the information data in the buffer storing means at a second data rate lower than the first data rate, a trans- 

30 ducer for writing the information data read out from the buffer storing means in a plurality of layers including a first 
layer and a second layer of an optical recording medium, servo controlling means for performing a tracking or focus 
control for the transducer, and optimizing operation requesting means for requesting an optimizing operation, com- 
prising the steps of: 

judging whether a first request requesting the recording of the information data recorded in the first layer of 
35 the optical recording medium is received or a second request requesting the recording of the information data 
recorded in the second layer of the optical recording medium is received; 

writing pieces of information data transmitted from the external apparatus in the buffer storing means at the 
second data rate under control of the data rate controlling means in cases where it is judged that the first request 
is received; 

40 reading out the first information data from the buffer storing means at the first data rate under control of the 

data rate controlling means to write the first information data in the first layer of the optical recording medium 
through the transducer; 

judging whether or not a volume of the first information data stored in the buffer storing means is equal to or 
more than a first predetermined value; 
45 setting the transducer to a standby condition to temporarily stop the writing of the first information data per- 

formed by the transducer in cases where the volume of the first information data is less than the first predetermined 
value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the transducer is set to the standby condition; 

50 performing a first optimizing operation for the first layer, in which the tracking or focus control performed by 

the servo controlling means for the transducer through which the first information data are written in the first layer 
of the optical recording medium is optimized, while writing one or more pieces of other first information data trans- 
mitted from the external apparatus in the buffer storing means in cases where the optimizing operation requesting 
means requests the optimizing operation; 

55 performing second and other optimizing operations for the second and other layers, in which the tracking or 

focus control performed by the servo controlling means for the transducer through which the information data are 
written in the second and other layers of the optical recording medium is optimized, while writing the other first infor- 
mation data in the buffer storing means in cases where the f irst optimizing operation is performed; 

writing the first information data stored in the buffer storing means in the first layer of the optical recording 
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medium through the transducer under control of the servo controlling means in cases where the volume of the first 
information data is equal to or more than the first predetermined value; 

writing pieces of second information data transmitted from the external apparatus in the buffer storing 
means at the second data rate under control of the data rate controlling means in cases where it is judged that the 
second request is received; 

reading out the second information data from the buffer storing means at the first data rate under control of 
the data rate controlling means to write the second information data in the first layer of the optical recording medium 
through the transducer; 

judging whether or not a volume of the second information data stored in the buffer storing means is equal 
to or more than the first predetermined value; 

setting the transducer to the standby condition to temporarily stop the writing of the second information data 
performed by the transducer in cases where the volume of the second information data is less than the first prede- 
termined value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the transducer is set to the standby condition; 

performing the second optimizing operation for the second layer while writing one or more pieces of other 
second information data transmitted from the external apparatus in the buffer storing means in cases where the 
optimizing operation requesting means requests the optimizing operation; 

performing the first and other optimizing operations for the first and other layers while writing the other sec- 
ond information data in the buffer storing means in cases where the second optimizing operation is performed; and 

writing the second information data stored in the buffer storing means in the second layer of the optical 
recording medium through the transducer under control of the servo controlling means in cases where the volume 
of the second information data is equal to or more than the first predetermined value. 

27. An optimizing method according to claim 26 in which each of the steps of judging whether or not the optimizing 
operation requesting means requests an optimizing operation, comprising the steps of: 

detecting a physical condition value of the optical disk recording apparatus or the optical recording medium; 

judging whether or not the physical condition value exceeds a reference value or whether or not a difference 
between a physical condition value currently detected and another physical condition value previously detected is 
larger than a prescribed value; and 

. requesting an optimizing operation in cases where the physical condition value exceeds the reference value 
or the difference is larger than the prescribed value. 

28. An optimizing method according to claim 26 or 27 in which each of the steps of judging whether or not the optimiz- 
ing operation requesting means requests an optimizing operation, comprising the steps of: 

detecting a predetermined time interval; and 

requesting an optimizing operation on every predetermined time interval detected. 

29. An optimizing method of a servo control in an optical disk reproducing apparatus having a transducer for reading 
out pieces of information data recorded in a single layer of an optical recording medium, buffer storing means for 
temporarily storing the information data read out by the transducer, data rate controlling means for controlling the 
writing of the information data in the buffer storing means and the reading-out of the information data from the buffer 
storing means to write the information data read out by the transducer in the buffer storing means at a first data rate 
and read out the information data stored in the buffer storing means to an external apparatus at a second data rate 
lower than the first data rate, servo controlling means for performing a tracking or focus control for the transducer, 
and optimizing operation requesting means for requesting an optimizing operation, comprising the steps of: 

writing pieces of information data read out from the layer of the optical recording medium to the buffer storing 
means through the transducer at the first data rate under control of the servo control performing means; 

reading out the information data stored in the buffer storing means to the external apparatus at the second 
data rate under control of the servo control performing means; 

judging whether or not a volume of the information data stored in the buffer storing means is equal to or more 
than a first predetermined value; 

setting the transducer to a standby condition to temporarily stop the reading of the information data per- 
formed by the transducer in cases where the volume of the information data is equal to or more than the first pre- 
determined value; 

judging whether or not the optimizing operation requesting means requests an optimizing operation in cases 
where the transducer is set to the standby condition; 

performing the optimizing operation for the layer of the optical recording medium, in which the tracking or 
focus control performed by the servo controlling means for the transducer through which the information data are 
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written in the layer of the optical recording medium is optimized in cases where the optimizing operation requesting 
means requests the optimizing operation; 

judging whether or not the volume of the information data stored in the buffer storing means is equal to or 
less than a second predetermined value; and 

5 reading out pieces of other information data from the layer of the optical recording medium and writing the 
other information data in the buffer storing means in cases where the volume of the information data is equal to or 
less than the second predetermined value. 

30. An optimizing method according to claim 29 in which each of the steps of judging whether or not the optimizing 
10 operation requesting means requests an optimizing operation, comprising the steps of: 

detecting a physical condition value of the optical disk reproducing apparatus or the optical recording 
medium; 

judging whether or not the physical condition value exceeds a reference vaJue or whether or not a cfifference 
between a physical condition value currerrtiy detected and another physical condition value previously detected is 
is larger than a prescribed value; and 

requesting an optimizing operation in cases where the physical condition value exceeds the reference value 
or the difference is larger than the prescribed value. 

31. An optimizing method according to claim 29 or 30 in which the step of judging whether or not the optimizing oper- 
20 ation requesting means requests an optimizing operation, comprising the steps of: 

correcting one or more erred signals obtained by erroneously reading out one or more pieces of particular 
information data from the layer of the optical recording medium; 
counting the number of erred signals corrected; 

judging whether or not the number of erred signals counted is higher than a reference number; and 
25 requesting an optimizing operation in cases where the number of erred signals is higher than the reference 

number. 

32. An optimizing method according to claim 31 in which each of the steps of judging whether or not the optimizing 
operation requesting means requests an optimizing operation, further comprising the steps of: 

30 again reading out the particular information data from the first or second layer of the optical recording 

medium, 

correcting one or more particular erred signals obtained by erroneously reading out the particular informa- 
tion data again from the layer of the optical recording medium; 
counting the number of particular erred signals corrected; 

6 judging whether or not the number of particular erred signals counted is higher than the reference number; 
and 

stopping the first, second and other optimizing operations and outputting an alarm in cases where it is 
judged that the number of particular erred signals is higher than the reference number. 

40 33. An optimizing method according to any of claims 29 to 32 in which each of the steps of judging whether or not the 
optimizing operation requesting means requests an optimizing operation, comprising the steps of: 
detecting a predetermined time interval; and 

requesting an optimizing operation on every predetermined time interval detected. 

45 34. An optimizing method of a servo control in an optical disk recording apparatus having buffer storing means for tem- 
porarily storing pieces of information data transmitted from an external apparatus, data rate controlling means for 
controlling the writing of the information data in the buffer storing means and the reading-out of the information data 
from the buffer storing means to read out the information data from the buffer storing means at a first data rate and 
write the information data in the buffer storing means at a second data rate lower than the first data rate, a trans- 

so ducer for writing the information data read out from the buffer storing means in a single layer of an optical recording 
medium, and servo controlling means for performing a tracking or focus control for the transducer, comprising the 
steps of: 

performing an optimizing operation for the layer of the optical recording medium in which the tracking or 
focus control performed by the servo controlling means for the transducer is optimized in cases where it is judged 
55 that the request is received; 

writing pieces of information data transmitted from the external apparatus in the buffer storing means at the 
second data rate under the control of the data rate controlling means; 

reading out the information data stored in the buffer storing means to the transducer at the first data rate 
under the control of the data rate controlling means; 
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judging whether or not a volume of the information data stored in the buffer storing means is equal to or more 
than a first predetermined value; 

setting the transducer to a standby condition to temporarily stop the writing of the information data per- 
formed by the transducer in cases where the volume of the first information data is less than the first predetermined 
5 value; 

judging whether or not a request requesting the recording of the information data recorded in the layer of the 
optical recording medium is received in cases where the transducer is set to the standby condition; 

performing the optimizing operation for the layer of the optical recording medium, in which the tracking or 
focus control performed by the servo controlling means for the transducer is optimized, while writing one or more 
10 pieces of other information data transmitted from the external apparatus in the buffer storing means in cases where 
it is judged that the request is received; and 

writing the information data stored in the buffer storing means in the layer of the optical recording medium 
under control of the servo controlling means in cases where the volume of the first information data is equal to or 
more than the first predetermined value- 
rs 

35. An optimizing method according to claim 34 in which the step of judging whether or not a request requesting the 
recording of the information data recorded in the layer of the optical recording medium is received, comprising the 
steps of: 

detecting a physical condition value of the optical disk recording apparatus or the optical recording medium; 
20 judging whether or not the physical condition value exceeds a reference value or whether or not a difference 

between a physical condition value currently detected and another physical condition value previously detected is 
larger than a prescribed value; and 

requesting an optimizing operation in cases where the physical condition value exceeds the reference value 
or the difference is larger than the prescribed value. 

25 

36. An optimizing method according to claim 34 or 35 in which the step of judging whether or not a request requesting 
the recording of the information data recorded in the layer of the optical recording medium is received, comprising 
the steps of: 

detecting a predetermined time interval; and 
30 requesting an optimizing operation on every predetermined time interval detected. 
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documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



